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ABSTRACT

in 1995, the Missouri River Benthic Fish Study (MRBFS) was begun with
support from the U. S. Army Corps of Engineers, the U. S. Geological Survey, and
several state universities. The study was designed to provide information on the
status of the benthic-riverine fish communities of the Missouri River from its
headwaters in Montana to its mouth at St. Louis, Missouri. The objectives were to:
(1) describe habitat use of benthic fishes among dominant benthic macrohabitats
within and among study sections and segments; and (2) describe and evaluate
recruitment, growth, size structure, body condition, and relative abundance of
selected benthic fishes within and among study sections and among segments.
Data from the MRBFS and other supplemental data were used to complete this
dissertation.

In summers of 1996, 1997, and 1998 fish habitat and fish community data
were collected in segments of the Missouri and Yellowstone Rivers and used to
examine previously unexplored aspects of the fish community. in the Missouri
River in North Dakota, a moderately altered segment and a highly altered segment
exhibited greatly different sucker communities. Bigmouth buffalo (/ctiobus
cyprinellus), smalimouth buffalo (/ctiobus bubalus), and river carpsucker (Carpiodes
carpio) represented 94% of the sucker catch in the moderately altered segment,
whereas in the highly altered segment, white sucker (Catostomus commersonii) and
longnose sucker (Cafostomus catostomus) constituted 98% of the sucker catch. In
the moderately altered segment, high zooplankton densities led to greater sucker
zooplanktivory and food niche overlap than in the highly altered segment.

Near the confluence of the Missouri and Yellowstone Rivers the fish
community was sampled in four distinct river segments to obtain information on the
distribution and habitat use of the flathead chub (Platygobio gracilis), sicklefin chub,
(Macrhybopsis meeki), sturgeon chub (Macrhybopsis gelida), and western silvery
minnow (Hybognathus argyritis), four declining fish species (Family Cyprinidae)

native to the Missouri River basin. Catch rates for sicklefin chub and sturgeon chub



were highest in deep main channel habitat and catch rates for fiathead chub and
western silvery minnow were highest in shallow channel border habitat. Catches of
all species were highest in the two segments least altered by anthropogenic
disturbance.

The fish communities in a moderately altered segment and two highly altered
segments of the Missouri River from the mouth of the Yellowstone River to Kansas
City, Missouri were sampled to determine if habitat alterations can influence
streamlining and structure of fish communities in altered reaches of a large river. In
the least altered segment, higher diversity of depths and current velocities led to a
fish community that was less streamiined and that exhibited greater streamlining
diversity than in the two highly altered segments, which had lower diversity of depths
and velocities.

One lower Yellowstone River segment and three Missouri River segments
were sampled to determine if habitat changes caused by a mainstem dam had
influenced niche relations among three native cyprinid species—flathead chub,
sicklefin chub, and sturgeon chub. Niche relations differed among the three fish
species within and among segments. The highest niche overlap among the three
species was found in the two segments least altered by anthropogenic disturbance
and that exhibited the greatest environmental instability. This result is interpreted to
mean that environmental instability and resource partitioning can interact in

structuring niche relations among these three cyprinids.



INTRODUCTION

The Missouri River, the longest river in the United States (3,768 km), bisects
or borders seven states from its headwaters in Montana to its mouth in Missouri.
The highly turbid, productive river (Evermann and Cox 1896) that formerly exhibited
frequent flooding and high hydraulic diversity is, as of the 20" century, characterized
by reduced sediment transport and a more static hydrograph—a result of dam
construction and land use practices throughout the basin. Its channel, once shallow
and meandering along most of its length, has been channelized for navigation and
its banks stabilized with rock. Only 33% of its length is still unchannelized and free
flowing, and 75% of this natural channel is in its headwaters in Montana.

Man-made channel alterations such as mainstem dams, wing dams, and rip-
rapped shoreline have led to greater changes in river hydrology and morphology in
some sections of the Missouri River than in others. Changes are more pronounced
in the lower Missouri River than in stretches of the upper river. Alterations have
resulted in changes in fish communities. Some sections of the Missouri River
(especially in Montana and western North Dakota) resemble the historical Missouri
River with respect to hydrology and morphology, and fish communities have
changed little since the turn of the century. Other sections exhibit major changes to
both the channel and fish community structure.

Operation of the six mainstem dams by the United States Army Corps of
Engineers (USACE) is contingent upon the diversity of needs (navigation, flood
control, water supply, irrigation, hydropower, recreation, fish and wildlife) of many
individuals and groups. The USACE also is responsible for permitting of dredging
and bank stabilization projects. River channel alterations along with poliution and
basin land practices have compromised the ecological integrity of the Missouri River
hydrosystem.

In 1995, a memorandum of agreement (MOA; No. PD-85-5832) between the
Omaha District Corps of Engineers and the National Biological Service (now the
United States Geological Survey, Biological Resources Division) was established to

provide the USACE and state and federal aquatic resource agencies with the



vi

necessary information for compliance with the Endangered Species Act. Under the
agreement, six USGS research stations and their parent universities (Montana State
University, University of Idaho, South Dakota State University, lowa State University,
Kansas State University, University of Missouri - Columbia) and a state natural
resource agency (Montana Department of Fish, Wildlife, and Parks) collectively
known as the Missouri River Benthic Fishes Consortium (MRBFC) collected
information on the benthic fish community and their habitats in sections and
segments throughout the river from Montana to Missouri. The study is known as the
Missouri River Benthic Fish Study (MRBFS).

A list of target benthic fish from which information would be collected was
developed by the MRBFC on the basis of commercial importance (e.g., bigmouth
buffalo, Ictiobus cyprinellus; smallmouth buffalo, Ictiobus bubalus; channetl catfish,
Ictalurus punctatus), endangered or threatened status (e.qg., pallid sturgeon,
Scaphirhynchus albus; sturgeon chub, Macrhybopsis gelida; sicklefin chub,
Macrhybopsis meeki) or recreational importance (e.g., blue catfish, /ctalurus
furcatus; walleye, Stizostedion vitreum; sauger, Stizostedion canadense). To insure
that fish and habitat data were collected in a uniform manner in each river section,
the MRBFC standardized sampling by developing and using a set of standard
operating procedures. The MRBFC formulated two research objectives which were
met by the MRBFS: (1) Describe habitat use of benthic fishes among dominant
benthic macrohabitats within and among study sections and segments; and (2)
Describe and evaluate recruitment, growth, size structure, body condition, and
relative abundance of selected benthic fishes within and among study sections and
among segments. The MRBFS also supported six Ph. D. dissertations. The
dissertations provided additional information that was also used to answer the two
research objectives.

The University of Idaho, through the Idaho Cooperative Fish and Wildlife
Research Unit, was responsible for sampling MRBFS segments 10 and 12 of the
Missouri River, both located within the state boundaries of North Dakota (Figure
1.1). A large data set containing information on the population structure and habitat
use of benthic fish was compiled at the completion of the MRBFS. Data from this
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large data set as well as additional collected data were used to complete this
dissertation.

Four objectives are addressed in this dissertation that examine previously
unexplored aspects of the fish communities in segments of the Missouri River.
These objectives were to: 1) examine the distribution, abundance, and feeding
ecology of Catostomid fishes in the Missouri River, North Dakota (Chapter 2); 2)
examine habitat use and population and community structure of native fishes in the
upper Missouri and lower Yellowstone Rivers, North Dakota (Chapter 3); 3) examine
the relationship among habitat alterations, fish ecomorphology, and fish community
structure in the Missouri River system (Chapter 4); and 4) examine habitat use and
habitat niche relations for three native Cyprinids in the Missouri River hydrosystem
(Chapter 5).
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CHAPTER 1

Overview of the Missouri River Hydrosystem

The Missouri River is the longest river in the United States, stretching 3,768
km from Three Forks, Montana where the Madison, Jefferson, and Gallatin Rivers
join to form its headwaters to its mouth where it joins the Mississippi River near St.
Louis, Missouri {Figure 1.1). The river basin encompasses 137 million ha (Figure
1.1) and the topography varies from 14.5 million ha of Rocky Mountains in the west,
to 95.8 million ha of the Great Plains further east, to 23.3 million ha of Central
Lowlands in the lower basin {Hesse et al. 1989).

Geology

The topography to the south and west of the Missouri River has been shaped
by erosion of a fluvial plain extending eastward from the Rocky Mountains. The
topography north and east of the Missouri River has been shaped by erosion of the
glacial drift and till from continental glaciation. The river once flowed north into
Hudson Bay until glacial events during the Pleistocene glaciation turned it
southward. These geological features have led to a unique drainage pattern in the
upper and lower Missouri River basin; every major tributary except the Milk and
James Rivers is a right bank tributary that flows to the east or the northeast. In the
basin below the mouth of the Kansas River, a greater number of left bank tributaries
exists (U. S. Army Corps of Engineers 1985). In the upper Missouri River basin, the
valley is only 240 m wide and the river is a clear mountain stream running through
mountainous terrain. In the lower basin, before mainstem alteration, the river varied
from 2.4 to 27.4 km in width, averaging 8.1 km and traversed through alternating
prairie and deciduous forest (Hesse et al. 1989).

Mainstem River Physical Characteristics and Alterations
Prior to intense anthropogenic disturbance within the Missouri River basin,

the Missouri River was heavily faden with silt. In 1944, the Missouri River



transported 228.6 million tons of sediment downstream (Slizeski et al. 1982). The
Missouri River was also characterized by two general periods of flooding, a “March
rise” and a “June rise”. The “March rise” resuited from snow melt in the plains and
the “June rise” was caused by runoff from melting mountain snow in the upper basin
and rainfall throughout the basin.

Humans have been altering the Missouri River channel since the first
explorers and fur traders removed snags and tree tops to improve boat passage
(Hart 1957, Funk and Robinson 1974). Channel alterations have been a Federal
government activity since 1884, first by the Missouri River Commission and, since
1802, by the U. S. Army Corps of Engineers (USACE). In response to the need for
a dependable water supply for irrigation, navigation, and mining, development of the
Missouri River basin’s water resources cuiminated with the Pick-Sloan Plan
(adopted in 1944) (Hesse et al. 1989). The Pick-Sloan Plan included a
comprehensive plan of development for the entire Missouri River Basin, including
irrigation, navigation, hydropower, flood control, water quality, water supply, fish,
wildlife, and recreation. The backbone of this plan was the construction of six
mainstem dams and reservoirs on the upper and middle reaches of the Missouri
River, which began in the 1930's and ended in the 1960's.

Development of the lower Missouri River for commercial navigation and flood
control was initiated by the Missouri River Bank Stabilization and Navigation Project
which was completed in 1981. Through this project, the lower Missouri River from
Ponca, Nebraska to the confluence with the Mississippi River was transformed into
a much narrower and deeper channel for navigation. Channel dimensions (2.7 m
deep by 91.4 m wide) are maintained with dikes, revetments, and sills (Slizeski et al.
1982). The channel nearly maintains itself through scouring. The natural river's
“offset V” shape has been altered to a frapezoidal shape. The change in channel

shape has reduced the diversity of depths and velocities in the river (Hesse and
Sheets 1993).

The impoundment of nearly one-third of the Missouri River has reduced

sediment and organic matter transport, and modified flows along much of the river's



length (Dryer and Sandvol 1993). These activities have altered the natural flow
regimes, turbidity, nutrient levels, and channe! dynamics resulting in destruction and
alteration of aquatic habitats. An additional one-third of the Missouri River between
Sioux City, lowa and St. Louis, Missouri has been channelized. Channelization has
resulted in reduced abundance of many main channel and off-channel habitats and
has altered channel hydrodynamics. Only one-third of the Missouri River remains
free-flowing and most of that is in Montana.

The natural flow regime has been disrupted and modified greatly by six
mainstem dams. Today, dams reduce flows from April to July (the period of natural
rise) for flood control and increase them from July to April (the period of natural
decline).

Each reservoir also acts as a sediment trap. By 1954 the annual silt load of
the Missouri River had been reduced by 81% (Hesse et al. 1989). The reduction in
sediment transport from upstream reaches has led to unnatural aggredation and
degradation processes. The water leaving mainstem dams is sediment poor and
therefore degrades the channel bed reducing substrate diversity and deepening the
channel (Berkas 1995). The disruption in the continual sediment removal and
deposition processes has altered the natural channel and habitat dynamics in the
middle and lower Missouri River, changing it from a braided channel with sandbars
and eroding banks into a deeper and narrower rock-lined main channel devoid of
many natural aquatic habitats, such as backwaters and side channels (Hesse and
Sheets 1987).

In addition to trapping sediment, mainstem reservoirs trap organic material,
preventing transport downstream. Clear, sediment poor water leaving the dams
seeks a load to carry, causing deepening of the channel bed which severs
backwater connections with the mainstem river and eliminates or reduces river-
floodplain connectivity (Hesse 1987). Bank stabilization structures, such as rip-rap
and wingdams, in many below dam reaches of Missouri River prevent natural river
meandering. Allochthonous carbon inputs to below dam sections of river

undoubtedly have been reduced by these mainstem alterations, as well as by



reduced floodplain forest productivity.

Changes in other aspects of channel dynamics have had ecological effects.
Early stages of ecological succession have been reduced as new habitats are lost in
the Missouri River. Since 1826, mature forest composition has not changed
considerably (Bragg and Tatschl 1977), however, the proportion of mature forests to
other successional stages is increasing (Hesse et al. 1988). Forest productivity has
been linked to forest age (Molles, Jr. 1998), where younger forests produce more
organic material which is an important energy source for heterotrophic rivers and
streams (Allan 1995).

Productivity of remaining forest lands in the Missouri River floodplain has
declined because of the loss of a periodic river-floodplain connection and
conversion of much of the riparian zone into agriculture fields. Reiley and Johnson
(1982) examined tree core data for the major tree species in the North Dakota
floodplain below Garrison Dam and found post-dam tree growth had deciined when
compared to the pre-dam period. This decline in productivity is related to a
reduction in over bank flooding which has led to the absence of an annual soil
profile saturation (Reiley and Johnson 1982} and a lack of silt and nutrient
deposition (Burgess et al. 1973). A lower water fable in spring designed to reduce
downstream flooding at a time when floodplain trees have a high water demand has
also reduced floodplain forest productivity (Reiley and Johnson 1982). Decreased
forest productivity, reduced river meandering, and an absence of overbank flooding
has led to a decline in the amount of organic matter produced and decreased its
availability to aquatic organisms in below-dam reaches of the Missouri River.

Conversion of the lower Missouri River into a narrow navigation channel has
led to decreased channel length and width. For example, the distance from Rulo,
Nebraska to the mouth near St. Louis, Missouri was 875.5 km in 1879. By 1972, the
distance had been reduced to 802.1 km (Funk and Robinson 1974). In this stretch
of river, there has been a loss of 73.4 km of river over this 93 year period which is
over eight percent of the length. An average km of lower Missouri River in 1954 had
a surface area of 89.8 ha which has resulted in a loss of over 1,600 ha in the stretch



of river from Rulo to the mouth (Funk and Robinson 1974). Additionally, the total
water surface area in the Missouri River in 1879 was 49,266 ha. By 1954, it had
been reduced to 28,794 ha; a loss of 20,472 ha. This loss was due to channel
narrowing through dike construction and the cutting off of meanders (Funk and
Robinson 1974). The loss of river surface area implies the loss in river habitat for
many aquatic organisms.

Dike, wingdam, and rip-rap construction have also led to other habitat
alterations. Unconnected islands were almost eliminated from the Missouri River
between 1879 and 1954. The surface area of islands was reduced from 9,882 ha to
169.6 ha, a loss of ninety-eight percent; the number of islands was reduced from
161 in 1879 to 18 in 1954 (Funk and Robinson 1974). Many secondary channels,
backwaters, and sand bars were also eliminated in this portion of the Missouri River.
These habitats were characterized by shallower depths and slower current velocities
than the main channel and were important rearing, feeding, and refuge areas for
many fish species.

Fish

Discharge fluctuations during the spring months have the greatest deleterious
affects on spawning of native fish. Below Fort Randall dam in South Dakota, Hesse
and Mestl (1985) showed a relationship between modified spring flows and poor
year class strength of native fishes such as river carpsucker (Carpiodes carpio),
smallmouth buffalo (fctiobus bubalus), bigmouth buffalo (Ictiobus cyprinelius),
shorthead redhorse (Moxosfoma macrolepidotum), channel caftfish (lctalurus
punctatus), flathead catfish (Pylodiclis olivaris), sauger (Stizostedion canadense),
and common carp (Cyprinus carpio). Also, the interaction of reduced flows, a
deeper channel, and bank stabilization has disrupted the natural flood plain - river
complex dynamics and reduced habitat for fish (Hesse and Sheets 1993). Native
fish use various habitats in natural river for reproduction, feeding, cover, and refuge.
This loss of habitat has drastically reduced numbers of many native fish species
such as the pallid sturgeon (Scaphirhynchus albus) (Dryer and Sandvol 1993),
sicklefin chub (Macrhybopsis meeki), sturgeon chub (Macrhybopsis gelida), flathead



chub (Platygobio gracilis), blue sucker (Cycleptus elongatus), and paddlefish
(Polyodon spathula) (Werdon 1993).

The negative effects of habitat degradation on native fishes from the lower
Missouri River can be seen in commercial harvest. In Missouri, the commercial
catch declined steadily from 671,215 kg in 1945 to a low of 70,768 kg in 1965, a
decline of more than eighty percent (Hesse et al. 1989). This decline in commercial
catch is attributable to reduced habitat diversity and lower fish biomass.

Man-made channel alterations such as mainstem dams, wing dams, and rip-
rapped shoreline have led to greater changes in river hydrology and morphology in
some sections of the Missouri River (e.g. lower sections) than in others (some upper
sections). Fish communities have been correspondingly affected. Some sections of
the Missouri River (especially in Montana and western North Dakota) closely
resemble the historical Missouri River with respect to hydrology and morphology,
and fish communities have changed little since the tumn of the century. Other
sections, such as those below dams or in the lower channelized river, exhibit major
channel changes and major changes in fish community structure. To help maintain
the remaining native species, information is needed on the habitat factors

associated with stabie and declining native fish populations in the river.
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CHAPTER 2

Distribution, Abundance, and Feeding Ecology of Catostomid

Fishes in the Missouri River, North Dakota

ABSTRACT

In 1997 and 1998, sampling was conducted on the Missouri River, North
Dakota to determine if human caused disturbances had influenced Catostomid
species compaosition and feeding ecclogy. The study area consisted of two distinct
river segments, the Missouri River between the mouth of the Yellowstone River and
Lake Sakakawea (the Yellowstone-Sakakawea segment), a moderately altered
segment and the Missouri River between Garrison Dam and Lake Oahe (the
Garrison-Oahe segment), a highly altered segment. The segments exhibited greatly
different sucker communities. Bigmouth buffalo (/ctiobus cyprinelius), smaillmouth
buffalo (/ctiobus bubalus), and river carpsucker (Carpiodes carpio) represented 94%
of the sucker catch in the Yellowstone-Sakakawea segment, whereas in the
Garrison-Oahe segment, white sucker (Cafostomus commersonii} and longnose
sucker (Catostomus cafostomus) constituted 98% of the sucker catch. In the
Yellowstone-Sakakawea segment, high zooplankton densities led to greater sucker
zooplanktivory and food niche overlap than in the Garrison-Oahe segment. Intense
anthropogenic disturbances to the Garrison-Oahe segment are associated with the
differences in sucker species composition, prey density and composition, and
sucker food habits and food niche overlap between the two segments. Restoring
natural river conditions, such as a high sediment load, channel meandering, and a
periodic flood pulse, that maintain natural prey populations and a diversity of natural
habitats is critical for the survival of native sucker species in the Garrison-Oahe

segment and other altered Missouri River segments.
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INTRODUCTION

Catostomid fishes include about 70 species of relatively large, chiefly North
American fishes commonly known as suckers (Helfman et al. 1997). These
Cypriniform fishes are predominately bottom dwelling and possess specialized lips
and premaxillaries which allow them to feed effectively on bottom organisms.
Suckers generally inhabit unpolluted waters and can be found living under a variety
of riverine and lake conditions, but most species generally cannot tolerate extensive
modification of their habitats (Smith 1979).

Impoundment of rivers has frequently led to changes in native fish ecology
and abundance in rivers below dams (Miller 1959, Anderson et al. 1983, Martinez et
al. 1994, Cambray et al. 1997). Declines in the abundance of native species
following river regutation have been documented in many large, turbid rivers, such
as the Colorado (Minckley 1991, Schmidt et al. 1998) and the Missouri (Funk and
Robinson 1974, Hesse et al. 1989, Galat 1998). Changes in river characteristics
such as water temperature, flooding, peak flows, and substrate composition have
been implicated as causes of native fish decline and the concomitant increase in
non-native species.

Development of the Missouri River basin’s water resources began in the
1800's in response to the need for a dependable water supply for irrigation,
navigation, and mining, culminating with the Pick-Sloan Plan (adopted in 1944)
(Hesse et al. 1989). The Pick-Sloan Plan included a comprehensive plan of
development for the entire Missouri River Basin, including irrigation, navigation,
hydropower, flood control, water quality, water supply, fish, wildlife, and recreation.
The backbone of this plan was the construction of six mainstem dams and
reservoirs on the upper and middle reaches of the Missouri River, which began in
the 1930's and ended in the 1960's. These dams have changed the water quality
and fish habitat in the river which has led to changes in fish community composition.

In the Missouri River, declines of many native fish have been attributed to dam
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construction and other man-induced changes resulting from implementation of the
Pick-Sloan Plan (Hesse et al. 1989).

The Missouri River supports a diverse assemblage of species within the
family Catostomidae. There is evidence, however, that many of these species have
declined in abundance since dam construction and channelization began on the
river (Funk and Robinson 1974). Although many of these fish are important
commercial, recreational, and forages species and have been studied in
impoundments and smaller rivers, the status and ecology of most of these sucker
species in the Missouri River is not well known.

Detailed knowledge of the food habits of a fish community can give valuable
insight into interspecific interactions, niche dimensions, food resource partitioning,
and the trophic status of individual species (Litvak and Hansell 1990, Gray et al.
1997). Discovering and understanding these components of feeding ecology is key
to proper management and conservation of fish species. Yet, despite the
abtindance and widespread distribution of sucker species in the Missouri River, the
feeding ecology of these fish has received little attention. Food habits of species in
the Genus /ctiobus have been described for one Missouri River reservoir (Lewis and
Clark Lake) (McComish 1967), but riverine food habits and the feeding ecology of
these and other Missouri River suckers are unknown.

Understanding how man-induced impacts to the river have influenced
sucker distribution, abundance, and ecology is an important first step in identifying
conservation and restoration measures. The objectives of this study were to: 1)
contrast sucker community composition during summer in two riverine upper
Missouri River segments in North Dakota, one exhibiting pre-impoundment physical
and biological characteristics and the other heavily modified by humans; 2)
determine if anthropogenic disturbances influence aspects of sucker feeding

ecology (food habits, feeding strategy, and food niche overlap) in these same river
segments.
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STUDY AREA

North Dakota contains two inter-reservoir segments of the Missouri River
within its state boundaries. One segment extends from the Yellowstone-Missouri
River confluence (Missouri River km (rkm) 2546.0) near the North Dakota-Montana
border to its lower boundary of Lake Sakakawea (rkm 2470.3) and hereafter is
referred to as the Yellowstone-Sakakawea segment or YSS (Figure 2.1). The
second segment extends from Garrison Dam (rkm 2235.4) in south-central North
Dakota to its lower boundary of Lake Oahe (rkm 2051.9) near the North Dakota-
South Dakota border and hereafter is referred to as the Garrison-Oahe segment or
GOS (Figure 2.1).

The two segments are characterized by different habitat characteristics and
flow regimes. The YSS is free-flowing with a semi-natural hydrograph, a result of
the merging of the free-flowing Yellowstone River and the Missouri River which is
regulated upriver by Fort Peck Dam. This segment is characterized by high main
channel turbidity, no major shoreline development, and few revetment banks (rip-
rap). The lack of shoreline development and revetment banks allows the main river
channel to meander naturally which creates a diversity of off-channel habitats. The
GOS, in contrast, exhibits fewer pre-impoundment physical and biological
characteristics. Garrison Dam and Lake Sakakawea have created an alluvium sink,
thereby reducing the sediment load in the river below the dam (Berkas 1995). The
river below the dam is uncharacteristically clear and natural aggradative and
degradative processes have been disrupted. Furthermore, the dam regulates the
hydrograph and hypolimnetic withdrawals from Lake Sakakawea have created
uncharacteristically cool water temperatures during the summer with maximum
summer temperatures approximately 9 °C cooler than before impoundment (Everett
1899). This segment is also characterized by numerous revetments and a much
higher degree of shereline development and bank stabilization (25-40%) than the
YSS.
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METHODS

Data Collection
Sucker Data Collection

A stratified random sample was used to collect suckers in both the YSS and

the GOS where the strata were macrohabitat types. These macrohabitats were
main channel cross-over, outside bend, inside bend, secondary channel: non-
connected, secondary channel: connected, tributary mouth (Figure 2.2). In both
segments, macrohabitats served as sampling units. Suckers were collected from
five randomly selected sampling units of each macrohabitat type in each segment
from June through August in both 1997 and 1998. A variety of fish capturing gears
was used that would sample a wide variety of sucker species and sizes, thereby
ensuring accurate description of the sucker community in each segment. These
gears were a bag seine (10.7 m long, 1.8 m high, 1.8 m® bag, 5 mm mesh), a
benthic beam trawl (2 m wide, 0.5 m high, 5.5 m long, 3.2 mm inner bag mesh), a
frammel net (22.9 m long, inner wall 2.4 m deep with 2.5 cm mesh, outer wall 1.8 m
deep with 20.3 cm mesh), an electrofishing boat (Coffelt VVP-15 variable voltage
pulsator, 5,000 W generator), a gill net (30.5 m long, 1.8 m high, mesh sizes of 1.9
cm, 3.8 cm, 5.1 cm, 7.6 cm), and a hoop net (4.8 m in length, 3.7 cm diameter
mesh, finger style throat, seven fiberglass hoops, and a 15.2 m lead attached to the
first hoop made of 3.8 cm mesh). A subsample was a single gear sample.

Benthic and Pelagic Invertebrate Data Collection

Benthic macroinvertebrates and pelagic micro- and macroinvertebrates were
collected at each fish collection subsample to provide food selectivity information for
each species of sucker. Benthic macroinvertebrates were collected with a Ponar
dredge (22.9 cm x 22.9 cm). Three ponar grabs were taken at each gear
subsample location, combined, and placed into a wash bucket that contained a 541
Mm sieve screen bottom. The sample was washed and the remaining sediment,
debris, and macroinvertebrates placed into a container and preserved with 95%

ethanol for lab transport and analysis. In the lab, benthic invertebrates were
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identified to family if possible. Invertebrate density was expressed as number of
organisms/m?.

Pelagic invertebrates were collected with a Wisconsin plankton net (10.8 cm
diameter, 80 pm mesh) fitted with a General Oceanics flow meter. A single tow was
taken to survey pelagic invertebrates at each gear subsample. For subsamples with
high current velocities (>0.2 m/s), the boat was anchored and the plankton net was
attached to a hangar bar and 22.7 kg sounding weight and lowered to 0.8 of the
total depth with an A55M sounding reel. The net remained suspended at this depth
for 3 min.

For low current velocity subsamples (<0.2 m/s) the plankton net was attached
to a 2 m standard wading rod at the 0.8 total depth mark and deployed for 3 min
near the center of the area sampled. In macrohabitats with near zero current
velocities, the net was towed by hand or boat for 3 min.

All material was removed from the plankton net and preserved in 95%
ethanol. In the lab, pelagic invertebrates were identified in most cases to family.
The volume of water sampled by the net was determined using the flow meter.
Invertebrate density was expressed as number of organisms/liter.

Sampling of Sucker Digestive Tracts

Only fish that were large enough to have reached sexual maturity (adult fish)
were sampled for food habits analysis. Sexual maturity for each species was
determined using lengths provided by Trautman (1957) and Scott and Crossman
(1973). Contents were removed from the anterior one-fifth of the digestive tract of
each sucker, up to the first bend and preserved in 15% formalin solution. After
fixation, the contents were transferred to 95% ethanol until examined.

To quantify prey eaten by suckers, foregut contents of individual fish were
diluted in 50 —1,000 ml of water and suspended with a magnetic stir bar. Three
separate two ml subsamples were taken with a plunger-type subsampler and placed
in a counting chamber. If a stomach could not be effectively subsampled, the entire
contents were analyzed. All invertebrates in each subsample were enumerated

using a dissecting scope and identified to family whenever possible. Relative
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importance of food categories was determined by counting the number of
intersections on an ocular grid that were covered by individuals of each food
category (Minckley et al. 1970). For partially digested aquatic insect larvae, such as
Chironomidae, surface area was determined using regression equations derived
from a regression of surface area on head capsule width (Hyslop 1980). All other
food items were measured with the ocular grid and missing portions estimated
visually.

Because the importance of food categories could be overestimated or
underestimated using a surface area technique, a weight estimate was also used to
provide a more accurate estimate of food category importance. To determine if
surface area and weight estimates differed, surface area and weight proportional
importance were determined for stomach contents taken from twenty-five
smallmouth buffalo (/ctiobus bubalus). Weights of food items were either measured
with an analytical balance or estimated with published regression equations
(Dumont et al. 1975, Smock 1980). A randomized block analysis of variance
(ANOVA) was used to test for differences between relative importance values of
food categories derived from surface area measurements and those derived from
weight measurements. Type of estimate served as treatments and type of
invertebrate (zooplankton and benthic macroinvertebrate) served as the blocking
variable. Relative importance values obtained from the two methods did not differ
significantly (P=0.32) and therefore, the less time consuming surface area method
was used to determine food category importance.

Statistical Analysis

Quantifying Species Richness and Diversity of Prey Populations

The species richness and diversity of zooplankton and benthic invertebrate
prey populations in sucker habitats were quantified. Species richness was
determined by counting the number of each prey category in a sample and then
averaging across all samples in a macrohabitat sample unit. Richness values

obtained in macrohabitat sample units were then averaged to get the segment
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average. Prey diversity was quantified with the reciprocal of Simpson’s index D (Hill
1973).

(2.1) D=Yp?(i=1,....,s prey categories)
where D is Simpson’s index, p; is the proportion of prey category i in the community,
and Y p;=1.0.

Prey diversity was quantified with the equation:

(2.2) 1/D = prey diversity
where 1/D is the reciprocal of equation 2.7 which varies from 1 to s, the number of
prey categories in the sample. The diversity of prey types was determined at each
subsample within a macrohabitat sample unit. The subsample diversities were then
averaged to obtain the prey diversity within the sample unit.

ANOVA was used to test the following null hypotheses: 1) there was no
difference in zooplankton densities between the YOS and the GOS habitats (i.e.,
Ho=W,=l.), 2) there was no difference in benthic invertebrate densities between the
YOS and the GOS habitats, 3) there was no difference in zooplankton richness
between the YOS and the GOS habitats, 4) there was no difference in benthic
invertebrate richness between the YOS and the GOS habitats, 5) there was no
difference in zooplankton diversities between the YOS and the GOS habitats, and 6)
there was no difference in benthic invertebrate diversities between the YOS and the
GOS habitats. Segments served as treatments (YOS and GOS) and years (1997
and 1998) served as blocks. Zooplankton and benthic invertebrate density,
richness, and diversity served as dependent variables. Prey density, richness, and
diversity values were log (y+1) transformed fo handle non-normality.

Feeding Ecology and Food Habits

Food Habits

Food habits were quantified with several indices. The percent surface area
(%A) of each food category was determined for each fish species. In addition, the
percent of occurrence (%F), and percent number (%N) were determined for each
category for each species of sucker. The equations used were:

(2.3) %A =(Q;/Q,) X 100, Q= Y ) Q
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(2.4) %N =(B,/B,) X100, B,=Y«1B,

(2.5) %F =(0,/0,) X 100, 0, =Y 1,0
where Q, is the surface area composed by prey i, Q, is the total surface area of all
digestive tract items in the entire digestive tract sample, n is the number of individual
prey of a prey type in the digestive tract sample, B. is the digestive tract content
number composed by prey i, B,is the total digestive tract content number of all
digestive contents in the entire sampie, O,is the number of suckers with prey i in
their digestive tract, and O, is the total number of suckers with digestive tract
contents.

Linear least-squares regression was used to test the null hypothesis that
there was no relationship between prey density and relative abundance of prey in
sucker stomachs. The relative abundance of prey was determined for each sucker
and compared with regression analysis against prey density at each capture site.
Prey relative abundance served as the response (Y) variable and prey density
served as the predictor (X) variable.

(2.6) y=B,+Bx
where y = prey relative abundance in a fish stomach, 3, = y-intercept, 3, = slope,
and x = prey density in the environment (benthic invertebrates = number/m?or
zooplankton = numberfliter).

This analysis was conducted separately for zooplankton (Cladocera and Copepoda)
and Chironomid larvae in both the YSS and the GOS and used to test the H,: 3,=0,
i.e., there is no linear relationship between prey relative abundance in sucker
stomachs and prey density at capture sites. Prey relative abundance values were
arcsine (square root (y)) transformed to handle possible non-normality.

Electivity

The feeding habits of fish and the availability of food resources were
compared using Strauss’ linear food selection index L.

27) L=r-p,
where r, is the proportion (percent number) of a given prey type A (food category) in
the predator’s diet and p; is the fraction (percent number) of the same prey A in the
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environment (Strauss 1979). Food selection vaiues derived from equation 2.7 for
each food category were averaged for each sucker species in a segment.

Feeding Strategy and Food Resource Niche Breadth and Overlap

A modification of the graphical Costello method (Amundsen et al. 1996) also
was used to analyze stomach contents data. Prey-specific abundance was plotted
against frequency of occurrence on a two-dimensional graph {Figure 2.3). Prey-
specific abundance is the percentage a prey taxon comprises of all prey items in
only those predators with prey i in their stomach:

(2.8) P, =(2S,/X8,)x100

where P, is the prey-specific abundance of prey i, S, the stomach content (surface
area) comprised by prey i, and S, the total stomach content in only those suckers
with prey i in their stomach.

Information about feeding strategy and prey importance of the population can
be obtained by examination of distributions of points along the diagonals and axes
of the diagram depicted in Figure 2.3. The percent abundance, increasing along the
diagonal from the lower left to the upper right corner, provides a measure of prey
importance, with dominant prey at the upper right, and rare or unimportant prey at
the lower left. The vertical axis represents the feeding strategy of the predator in
terms of specialization or generalization (Figure 2.3). The predators have
specialized on prey types in the upper part of the figure, whereas prey located in the
lower portion were eaten more occasionally. Prey points located at the upper left of
the diagram would be indicative of specialization of the predator population. This
graphical method allows the exploration and graphical representation of prey
importance, feeding strategy, and the inter- and intra-individual components of niche
width.

For each sucker species, niche breadth (B) for food items was calculated
using the equation of Levins (1968):

(2.9) B=1/2P? (i=1,.....n prey types),
and then standardized to express it on a scale from 0 to 1.0:

(2.10) B,= (B-1)/ (n-1)
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where P; is the proportion of the resource in each category and n is the number of
types of prey items. Equation 2.10 was used to assess the diversity of food items
eaten by each Catostomid species in a segment.

For these same food items, niche overlap (R,) between each pair of sucker
species was determined using Horn’s (1966) equation:

(211) R, = (Z(pij"' Palog(p; + Py - Zpij log p; - ZPik log p,) /2 log 2,

(i=1,....npreytypes; j=1,..., n sucker species)
where p;is the proportion that prey type i is of the total prey used by species j, p, is
the proportion that prey type i is of the total prey used by species k.
The values for equation 2.77 range from 0 to 1, with 1 indicating complete overlap,
0.33 or less indicating low overlap, and 0.66 or greater indicating high overlap. Diet
similarities between species pairs were assessed with (2.77).

The null hypothesis that there was no relationship between sucker food niche
breadth (B, , equation 2.70) and prey species diversity (1/D, equation 2.2) (H,= B, =
0, i.e,, there is no linear relationship between sucker food niche breadth and prey
species diversity at capture sites) was tested with regression analysis in the GOS
and the YSS. Food niche breadth served as the response (Y) variable and prey
species diversity served as the predictor (X) variable.

(2.12) y = By + Byx
where y = food niche breadth (B,), B, = y-intercept, [3, = slope, and x = prey species
diversity (1/D).

This analysis was conducted separately for zooplankton and benthic invertebrate
prey.

Distinctiveness of the food niche within the family Catostomidae was
assessed in part with a multivariate technique. The null hypothesis that there was
no difference in food resource use among sucker species was tested using
multivariate analysis of variance (MANOVA; Johnson and Wichern 1992) conducted
across species in each river segment, with sucker species as the independent
variable and food categories as the dependent variable (percent surface area

importance values) (Johnson and Wichern 1992). The equal variance-covariance
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assumption was checked with the Box test (Box 1949) and residual plots for
dependent variables were constructed to examine homoscedasticity.
Multicollinearity between dependent variables was examined by computing the
variance inflation factor. Dependent variables (% surface area values) were arcsine
(square root (y)) transformed.

The MANOVA is used to assess food habit use differences collectively. For
the MANOVA, the null hypothesis tested was the equality of vectors of means of
multiple dependent variables (food items) across sucker species. The data were
analyzed using SAS (SAS Institute 1990) and Statistica (Statsoft Inc. 1997) software
packages. The MANOVA model for comparing sucker species population mean
vectors of food items is as follows:

(213) Y, =N +T,+€,

where Y, = percent of food category r eaten by sucker species i, J = overall mean
(level), T,= the i" treatment effects (sucker species) with nT, = 0, €, are independent,
normally distributed variables, n, = prey types eaten by sucker species i, and g =
number of sucker species.

The hypotheses used for MANOVA testing are as follows:

Hs= T,=T,=....T,= 0 (there is no difference in food resource use among

sucker species).

H.,= atleastoneT =0
Wilk’s lambda statistid was used to test the null hypothesis that food use did not
differ among sucker species (i.e., the mean population vectors are the same).
Wilk's lambda, A, was expressed as:

(214 A= I\NIIIB + Wl
where IWI = determinant of the residual (error) matrix sum of squares and sum of
squares cross products (SSP=X.3, (x; - %) (x;- X) with Zn;- g degrees of freedom),

|B| = determinant of the treatment sum of squares and sum of squares cross
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products and is calculated using the equation X, n, (%, - %) (%, - %)’ with g-1 degrees
of freedom. Equation 2.74 corresponds to an F-test of the following form:

F = (treatment sum of squares/(g-1)) / (residual sum of squares/()'n-g))
if the F-value was > F_, v, (=), | rejected the null hypothesis that food use did not
differ among sucker species.

Canonical analysis of variates followed a significant MANOVA (Johnson and
Wichern 1992). This analysis was used to examine collective differences in food
use among sucker species. Canonical is used to assess the composite relationship
between multiple dependent and multiple independent variables. Through this
procedure, weighted, linear composites of dependent variables (prey categories),
called canonical variables, were derived that maximized the difference between the
independent (sucker species) variables. Those dependent variables with the highest
correlations with the first canonical variable contributed most to the separation of
species, as the first canonical variable defined the greatest separation of species
(Johnson and Wichern 1992). The two canonical variables that accounted for most
of the separation among sucker species were used to form axes. The position of
each sucker species on the two canonical variables was portrayed by plotting
species scores of food categories on the canonical variables and an ellipse was
formed around each set of scores for a species.

The analysis (MANOVA + canonical analysis of variates) assumed equal
catchability over species and gear types. Klecka (1975) concluded that this
multivariate technique was robust enough that the assumptions of a multivariate
normal distribution of discriminating variables and equal variance-covariance

matrices between groups need not be rigorously met.

RESULTS

Sucker Community Composition
The YSS and the GOS exhibited greatly different sucker communities, with

different dominant species. Suckers were a major component of the total fish catch
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in the GOS, but not of the total fish catch in the YSS. In the YSS, 499 suckers were
captured, representing seven species (bigmouth buffalo, fetiobus cyprinellus;
smalimouth buffalo, fctiobus bubalus; river carpsucker, Carpiodes carpio; shorthead
redhorse, Moxosfoma macrolepidotum; white sucker, Catostomus commersonii:
longnose sucker, Catostomus cafostomus; and blue sucker, Cycleptus elongatus).
Suckers were not a major component of the total fish catch. Bigmouth buffalo and
smallmouth buffalo constituted 8% and 3% of the total fish catch (sucker and non-
sucker species), respectively. River carpsucker made up approximately 2% of the
total fish catch, with the other 4 species each contributing less than 1% of total fish
catch. Three native species, bigmouth buffalo, smallmouth buffalo, and river
carpsucker, represented 94% of the sucker catch in the YSS.

In the GOS 6,217 suckers were captured, representing seven species
(bigmouth buffalo, smalimouth buffalo, river carpsucker, shorthead redhorse, white
sucker, longnose sucker, blue sucker). Suckers were a major component of the
total fish catch in the GOS. Longnose sucker and white sucker, which were rarely
sampled in the YSS, represented 76% of the total catch of all fish species and
constituted over 98% of the sucker catch in the GOS. The remaining five sucker
species made up less than 2% of the total catch in this segment.

Prey Populations

The average zooplankton density for the YSS habitats (251.8 organismsi/liter)
was approximately 8 times greater than the density of zooplankton in the GOS
habitats (32.6 organisms/liter) (ANOVA, F=6.80, P=0.01). Benthic invertebrate
densities were also higher in the YSS (277.0 organisms/m?) than in the GOS (149.6
organisms/m?) habitats (ANOVA, F=6.04, P=0.02).

Zooplankton richness was similar in both study segments (YSS=4.02 prey
types per macrohabitat sample unit, GOS=4.14 prey types per macrohabitat sample
unit) (ANOVA, F=3.09, P=0.35), but the YSS habitats had a higher zooplankton
diversity (1/D=2.21, equation 2.2) than the GOS (1/D=1.92) (ANOVA, F=4.27,
P=0.02). Benthic invertebrate diversities were similar in the YSS (1/D=1.08) and the
GOS (1/D=1.16) (ANOVA, F=0.98, P=0.28), but the GOS (2.15 prey types per
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macrohabitat sample unit) had higher richness than the YSS (1.60 prey types per
macrohabitat sample unit ) (ANOVA, F=6.45, P=0.0057).

Feeding Ecology and Food Habits

Food Habits

In the YSS, four species of suckers—bigmouth buffalo, river carpsucker,
shorthead redhorse, and smailmouth buffalo-were captured frequently enough for
quantitative analysis of summer food habits. Bigmouth buffalo, river carpsucker,
and smallmouth buffalo ate mostly zooplankton. Crustacea, primarily Cyclopoida
and Bosminidae, composed over 75% of the number (equation 2.4) and over 55% of
the volume (equation 2.3) of diets for each of the three species (Tables 2.1 and 2.2).
Chironomid larvae also contributed significantly to diets of smallmouth buffalo,
constituting approximately 18% of the number and 39% of the volume. Shorthead
redhorse fed mostly on aquatic insect larvae. Chironomid and Trichoptera larvae
accounted for approximately 65% of the number and 80% of the volume of diets of
shorthead redhorse. The frequency of occurrence of zooplankton crustacea in
stomachs was over 95% (equation 2.5) for bigmouth buffalo, river carpsucker, and
smalimouth buffalo (Table 2.3). Cladocera and Copepoda zooplankton were found
in approximately 45% of shorthead redhorse stomachs. Chironomid larvae were
found in 30% of bigmouth buffalo and river carpsucker stomachs and in 56% and
92% of smallmouth buffalo and shorthead redhorse stomachs, respectively (Table
2.3).

In the YSS, a positive relation was found between the density of Chironomid
larvae in the environment and the abundance of larvae in the stomachs of
smallmouth buffalo (=0.64, n=92 fish, 7<0.0001), bigmouth buffalo (r=0.64, n=68,
P<0.0001), and river carpsucker (r=0.83, n=74 fish, P<0.0001). This relation did not
exist between zooplankton density (number/liter) and the abundance of zooplankton
found in stomachs of river carpsucker (r=0.08, n=74 fish, P=0.61), smallmouth
buffalo (=0.07, n=92 fish, P=0.55), and bigmouth buffalo (r=0.10, n=68 fish,
P=0.57).
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In the GOS, four species of suckers--longnose sucker, river carpsucker,
shorthead redhorse, and white sucker--were captured frequently enough for
quantitative analysis of summer food habits. Shorthead redhorse and white sucker
ate mostly Chironomid larvae. Chironomids composed over 60% (equation 2.3)
(44% of the number, equation 2.4) and 85% (81% of the number) of the volume of
white sucker and shorthead redhorse diets, respectively (Table 2.5). Longnose
suckers fed mostly on a combination of filamentous green algae and Chironomid
larvae which accounted for over 80% of the volume of food items in the diet. River
carpsuckers ate mostly zooplankton. Crustacea, primarily Cyclopoida, constituted
over 90% of the number and over 55% of the volume of river carpsucker diets
(Tables 2.4 and 2.5). The frequency of occurrence (equation 2.5) for crustacean
zooplankton was high in river carpsuckers (97%) and white suckers (51%).
Chironomid larvae were found in over 90% of longnose sucker, shorthead redhorse,
and white sucker stomachs. Chironomids were found in 64% of river carpsucker
stomachs (Table 2.6). Food habits information for blue sucker is also included in
Tables 2.4-2.6.

In the GOS, a positive relation was found between the density of Chironomid
larvae in the environment and the abundance of larvae in stomachs of river
carpsucker (r=0.71, n=84 fish, P<0.0001), white sucker (r=0.53, n=71 fish, P=0.04),
and longnose sucker (r=0.60, n=74 fish, P<0.0001). However, this relation did not
exist for zooplankton density (number/liter) and the abundance of zooplankton found
in stomachs of river carpsucker (r=0.11, n=84 fish, P=0.56) or white sucker (r<0.01,
n=71 fish, P=0.98). A positive relation was found, however, for longnose suckers
(=0.80, n=74 fish, P<0.0001).

Electivity

| In the YSS, most sucker species positively selected (equation 2.7) for pelagic
prey items, mainly Copepoda and Cladocera zooplankton, and negatively selected
for most benthic prey items (Table 2.7). The shorthead redhorse was the only
sucker to select for large benthic macroinvertebrates (Chironomidae and
Trichoptera) in the YSS. In contrast, sucker species in the GOS selected against
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most pelagic prey items, but selected for most large benthic macroinvertebrates
(Table 2.8).

Feeding Strategy

in the YSS, resource use patterns differed among the four dominant sucker
species. River carpsucker and bigmouth buffalo had generalized feeding strategies,
as indicated by the high frequency of occurrence and the low prey-specific
abundance of many foed items in their stomachs (i.e. most points located in the
lower right portion of the Costello graph, Figure 2.4) and their relatively wide food
niche breadths (equation 2.70) bigmouth buffalo, B,=0.1086; river carpsucker,
B,=0.138). The most important prey taxa (Cyclopoida) had been eaten by more that
half the fish of each species, but their average contribution to the diet of these fish
was low. Smallmouth buffalo exhibited a more mixed feeding strategy, with varying
degrees of specialization and generalization of different prey types (Figure 2.4) and
a relatively wide food niche breadth (B,=0.101).

Shorthead redhorse exhibited a more specialized feeding strategy, towards a
single, dominant prey taxon with small proportions of other prey types included
occasionally in the diet of some individuals (Figure 2.4). This resulted in a narrow
food niche breadth for the species (B,=0.009).

In the GOS, river carpsucker exhibited a generalized feeding strategy. Nearly
all prey taxa, including the important prey types, were less than 50% prey-specific
abundance, indicating that many prey items were eaten occasionally and that no
single prey taxon was fed on heavily (Figure 2.5). A generalized feeding strategy for
this species was further supported by a relatively wide food niche breadth
(B,=0.106).

White sucker, longnose sucker, and shorthead redhorse exhibited a
specialized feeding strategy (Figure 2.5). Shorthead redhorse and white suckers
fed mostly on Chironomid larvae and longnose suckers fed almost exclusively on
two prey taxa, including Chircnomid larvae and filamentous green algae. A
specialized feeding strategy for these species was further supported by their narrow
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food niche breadths (longnose sucker, B,=0.046; shorthead redhorse, B,=0.013;
white sucker, B,=0.057).

A positive relation was found between zooplankton diversity in sucker
habitats and sucker food niche breadth in both the YSS (r=0.49, P<0.0001) and the
GOS (r=0.39, P=0.0009). No such relation was found, however, between benthic
invertebrate diversity and food niche breadth.

Food Niche Overlap

Food niche overlap between species varied in both the YSS and the GOS
(Tables 2.9 and 2.10). In the YSS, overlap was high (R, greater than 0.66) between
bigmouth buffalo and river carpsucker (R,=0.94, equation 2.17), bigmouth buffalo
and smallmouth buffalo (R _=0.87), river carpsucker and smallmouth buffalo
(R,=0.86), and smallmouth buffalo and shorthead redhorse (R_=0.74) (Tabie 2.9).
Intermediate levels of food niche overlap were found between shorthead redhorse
and bigmouth buffalo (R =0.56) and river carpsucker and shorthead redhorse
(R,=0.55).

In the GOS, similar and high degrees of food niche overlap were found
between most sucker species. The highest overlap was found between white
sucker and shorthead redhorse (R,=0.91), the lowest between longnose sucker and
river carpsucker (R,=0.49). Overlap between the remaining species pairs ranged
from 0.70 for longnose sucker and shorthead redhorse to 0.80 for shorthead
redhorse and white sucker (Table 2.10).

Food use differences existed among sucker species (YSS, MANOVA, Wilk’s
Lambda=0.4118, P<0.0001; GOS, MANOVA, Wilk’s Lambda=0.2422, P<0.0001),
but not years (YSS, MANOVA, Wilk's Lambda=0.8252, P=0.08; GOS, MANOVA,
Wilk's Lambda=0.9364, P=0.23) in each river segment. No significant interaction
was found between sucker species and years in the YSS (MANOVA, Wilk’s
Lambda=0.8391, P=0.06) or the GOS (MANOVA, Wilk's Lambda=0.8504, P=0.37).

The canonical analysis of food habits in the YSS derived three canonical
variables, each a composite of the seven food categories retained (Table 2.11).

The first two variables accounted for approximately 97% of the diet differences
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among the four species. Trichoptera and Chironomid larvae exhibited the largest
scores (standardized canonical coefficients) on the first canonical variable
(Trichoptera=0.9515, Chironomid larvae=0.7845) which indicates that both prey
types were responsible for most of the diet differences among the four species.

Plots of individual scores on the first two canonical variables resulted in the
species separating into two groups (Figure 2.6). One group consisted of the three
mainly zooplanktivorous fishes and showed the following order of decreasing
dependence on large benthic prey and increasing dependence on small pelagic
prey: smalimouth buffalo, river carpsucker, bigmouth buffalo. The second group
included the benthic invertivorous shorthead redhorse which showed a strong
dependence on large benthic prey. Bigmouth buffalo and river carpsucker showed
nearly complete overlap in diet, whereas smallmouth buffalo overlapped with these
two species as well as shorthead redhorse.

The canonical analysis of food habits in the GOS derived three canonical
variables, each a composite of the nine food categories retained (Table 2.12). The
first two variables accounted for approximately 94% of the diet differences among
the four species. Filamentous green algae and Cyclopoida exhibited the largest
scores (standardized canonical coefficients) on the first canonical variable
(filamentous green algae=-0.6912, Cyclopoida=0.4691) which indicates that both
prey types were responsible for most of the diet differences among suckers in the
GOS.

Plots of individual scores on the first two canonical variables resulted in the
species separating into two groups (Figure 2.7). One group consisted of three
invertivores and showed the following order of decreasing dependence on
filamentous green algae: white sucker, shorthead redhorse, river carpsucker. The
second group consisted of the herbivorous and invertivorous longnose sucker which
showed a strong dependence on filamentous green algae.
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DISCUSSION

Sucker Community Composition

Major differences in river physiochemical conditions and habitat in the two
segments were associated with the highly dissimilar Catostomid species
communities in the YSS and the GOS. The construction of Garrison Dam and Lake
Sakakawea has greatly altered original river conditions in the GOS. After closure of
the dam in 1953, hypolimnetic withdrawals from Lake Sakakawea resulted in lower
water temperatures in the GOS (Everett 1999). Additionally, the dam and Lake
Sakakawea act as a sediment trap. Sediments flowing into Lake Sakakawea settle
out behind the dam under reduced current velocities, limiting downstream
movement of the river's suspended load which has led to river channel incision
(Berkas 1995) and reduced turbidity (Young et al. 1997) in this segment. Channel
incision has deepened the main river channel, eliminating periodic connecting of the
main river channel with the floodplain. This process has also led to isolation of off-
channel habitats, such as large, natural backwaters and oxbow lakes, from the main
channel. Conversely, the YSS is characterized by high turbidity, a more shallow and
braided main channel, and periodic connection of the main channel with the
floodplain and large backwater habitats.

The sucker community in the YSS was dominated by river carpsucker,
bigmouth buffalo, and smallmouth buffalo, most of which were captured in several
large backwaters. These species have been shown to forage and rear in floodplain
river systems that contain large, lacustrine habitats, such as backwaters (Walburg
and Nelson 1966, Kay et al. 1994), that are characterized by periodic inundation
from high runoff (Cook 1959, Pflieger 1975, Smith 1979). Such floodplain
backwaters typified the pre-impoundment middle and lower- Missouri River which
was characterized by a sucker community comprised mainly of these three species
and others in the genera letiobus and Carpiodes (Funk and Robinson 1974). In
rivers and streams, most species in these genera prefer habitat that exhibit slow
current velocities, silt/sand bottoms, and some turbidity, conditions that often exist in
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pools, backwaters, and oxbow lakes (Pflieger 1975, Cross and Coliins 1995). The
natural Missouri River habitats and physiochemical conditions that these species
prefer still exist in the YSS and are responsible for their high abundance.
| Conversely, the GOS was dominated by white suckers and longnose suckers
that are most often found in streams and lakes that are characterized by very clear,
cool water (Scott and Crossman 1973). The preferred temperature range for
longnose suckérs is 10-15 °C (Brown and Graham 1953) with the upper lethal
temperature (50% mortality in 24 hours) for this species near 27 °C (Black 1953).
White suckers can tolerate warmer water temperatures than longnose suckers. The
preferred temperature range for white sucker was 19-21 °C in a Colorado reservoir
(Horak and Tanner 1964) and experimental evidence suggests that an optimum
summer water temperature for this species is 24 °C (Reynolds and Casterlin 1978).
Both species also seem to survive best in very clean and clear water (Edwards
1983, Twomey and Nelson 1984). Water temperatures rarely exceeded 16 °C in the
main channel and 18 °C in off-channel habitats in the GOS , but frequently
exceeded 23 °C in these habitats in the YSS (Young et al. 1997). The YSS has a
high silt load and is very turbid (mean turbidity=147.3 NTU), whereas the GOS
possesses very clear, low turbidity water (mean turbidity=8.4 NTU; Young et al.
1997). Warm water temperatures and high turbidity most likely limited longnose
sucker and white sucker numbers in the YSS, whereas cool water temperatures and
low turbidity facilitated their high abundance in the GOS.

Minor alterations to river systems have often led to changes in growth (Orlova
1988, Beamesderfer et al. 1995), habitat use (Heggenes 1988, Pert and Erman
1994), or patterns of recruitment (Crisp et al. 1983, Schlosser 1985, Rulifson and
Manooch [l 1990, Baran et al. 1995) for native species of fish. However, species
replacement has occurred in rivers which have sustained more intense
anthropogenic disturbances (Winston and Taylor 1991, Martinez et al. 1994,
Schmidt et al. 1998). The drastic changes in habitat and physiochemical conditions
in the GOS have evidently led to replacement of native sucker species that thrive in
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river conditions that typified the pre-control Missouri River with species that thrive in
systems characterized by cool, clear water.
Feeding Ecology and Food Habits

An objective of this study was to determine if anthropogenic disturbances
influence aspects of sucker feeding ecology by studying and comparing two sucker
communities—one influenced by relatively natural river conditions and the other
influenced by extensive man-made alterations. This question could be best
answered if the comparison was made between communities that exhibited
identical, or nearly identical, sucker species compositions. The habitat in the GOS
had been so extensively altered, however, that the two sucker communities were
highly dissimilar, thereby preventing the comparison of sucker communities that
contained the same species. Therefore it was only possible to pursue the
comparison using two highly dissimilar sucker communities.

Collectively, the dominant sucker species in the YSS (bigmouth buffalo, river
carpsucker, and smallmouth buffalo) tended to exhibit greater food use overlap
(Tables 2.7 and 2.8), a higher degree of zooplanktivory (Tables 2.1 and 2.4), and
wider food niche breadths than the dominant species in the GOS (longnose sucker,
river carpsucker, white sucker). Zooplankton density was high (251.8
organisms/liter) in the YSS habitats. The diets of trophic competitors, such as
suckers, are expected to converge when prey is abundant and to diverge in times of
low food availability, a pattern documented by Zaret and Rand (1971), Werner and
Hall (1876}, and Horn (1983). Further, other researchers have maintained that for
certain fish communities a dense inveriebrate prey resource base results in
opportunistic feeding and a lack of food resource partitioning (Martin 1984,
Schlosser and Toth 1984). Of the dominant species in the YSS, the bigmouth
buffalo is the only species considered to be a strict zooplanktivore (Pflieger 1975,
Cross and Collins 1995), although even this species has been known to feed
opportunistically on non-zooplankton prey when these prey items were in high
abundance (Tafanelli et al. 1971). River carpsucker and smalimouth buffalo are

generally considered to be benthic invertivores (Pflieger 1975, Cross and Collins
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19935). However, like the bigmouth buffalo, these species have been known to feed
opportunistically on alternative prey, such as zooplankton, when in high abundance
(Walburg and Nelson 1966, McComish 1967, Vainio 1973). Evidently, the high
density of zooplankton in the YSS resulted in bigmouth buffalo, smallmouth buffalo,
and river carpsucker feeding more heavily on zooplankton than on other prey items,
which led to high food use overlap.

The lack of zooplanktivory by the GOS sucker species may have resulted
from morphological constraints. Longnose sucker, river carpsucker, and white
sucker possess adaptations for a benthic existence, such as a sub-terminal mouth,
that may effectively limit the availability of a food resource that is distributed in the
water column. However, iongnose sucker and white sucker have been shown to be
strict zooplanktivores when this resource was abundant (Barton 1980) and
zooplankton dominated the diet of river carpsucker in the YSS, another species that
usually exhibits benthivorous feeding habits (Buchholz 1957, Brezner 1958).
Therefore, the availability of zooplankton, not fish morphology, likely limited the use
of this food resource by suckers in the GOS. Furthermore, the low density of both
zooplankton and other invertebrate prey caused species there to feed on a greater
variety of prey resulting in greater food resource partitioning than in the YSS.

Food niche breadths in both the YSS and the GOS increased as the diversity
of zooplankton increased (YSS, =0.49, P<0.0001; GOS, r=0.39, P=0.0009), but this
same relationship did not exist between food niche breadths and benthic
invertebrate prey diversity in these two river segments. Food niche breadth
quantifies the diversity or breadth of the food resource gradient utilized by a given
species (Siaw-Yang 1988). Therefore, if fish feed on a diverse group of organisms,
their niche breadths should be wider than fish species that feed on a less diverse
prey community. The dominant sucker species in the YSS fed on a readily available
and diverse zooplankton food source. This food resource was also diverse in the
GOS, but was of limited importance to suckers in the GOS because of its low
availability. The major dietary component of sucker diets in the GOS was benthic
invertebrates which exhibited fow diversity. Therefore, the high availability of a
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diverse zooplankton prey source in the YSS and the low availability of zooplankton
and the low diversity of invertebrate prey in the GOS are apparently responsible for
segment differences in food niche breadths.

Results from this study indicate that the feeding ecology differed between the
two sucker communities and that higher invertebrate prey densities were directly
responsible for the greater food niche overlap and indirectly responsible for the
greater food niche breadths found for suckers in the YSS. However, the
mechanisms responsible for the difference in prey densities between segments are
less clear. In the Missouri River, dam construction and other alterations, such as
bank stabilization, have reduced sediment transport and deposition and virtually
eliminated the processes of flooding and meandering of the main channel (Hesse et
al. 1989, Hesse and Sheets 1993). Elimination of these conditions has reduced the
formation of backwater and wetland habitat and drastically reduced available
supplies of carbon in the GOS and other Missouri River segments (Hesse et al.
1988). Changes in carbon supplies and in the availability of off-channel habitats
have reduced invertebrate productivity in segments of the Missouri River altered by
dams (Hesse et al. 1988). Further, disruption of these processes has changed
channel substrates, making them less conducive to benthic production (Berner
1951). Changes in these natural Missouri River processes probably explains why
invertebrate prey densities, particularly zooplankton densities, were much lower in
the GOS habitats. Invertebrate communities undoubtedly benefit from the natural
Missouri River conditions and processes that still exist in the YSS, but are now
absent or reduced in the GOS.

The low occurrence of native Missouri River suckers and the low density of
potential sucker prey in the GOS indicates that this segment is not good habitat for
most native suckers. Therefore, restoring natural river conditions, such as a high
sediment load, channel meandering, and a periodic flood pulse, that maintain
natural prey populations and a diversity of natural habitats is critical for the survival

of native sucker species in the GOS and other altered Missouri River segments.
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CHAPTER 3

Habitat Use and Population and Community Structure of
Native Fishes in the Upper Missouri and
Lower Yellowstone Rivers, North Dakota

ABSTRACT

In 1997 and 1998, sampling was conducted on the Missouri and Yellowstone
Rivers, North Dakota to examine the influence of anthropogenic disturbance on the
fish community and to obtain information on the distribution, abundance, and habitat
use of the flathead chub (Platygobio gracilis), sicklefin chub, (Macrhybopsis meeki),
sturgeon chub (Macrhybopsis gelida), and western silvery minnow (Hybognathus
argyntis), four declining fish species (Family Cyprinidae) native to the Missouri River
basin. The study area consisted of four distinct river segments, the Missouri River
between its confluence with the Yellowstone River and the Montana-North Dakota
border (the above confluence segment; ACS), a flow regulated, moderately aitered
segment, the Missouri River between its confluence with the Yellowstone River and
Lake Sakakawea (the below confluence segment; BCS), a moderately altered
segment, the Yellowstone River near its confluence with the Missouri River (the
Yellowstone River segment; YRS), a quasi-natural segment, and the Missouri River
at the Missouri River-Yellowstone River confluence (the mixing zone segment;
MZS). Catch rates with the trawl for sicklefin chub and sturgeon chub and catch
rates with the bag seine for flathead chub and western silvery minnow were highest
in the BCS and YRS. Most sicklefin chubs and sturgeon chubs were captured in
main channel habitat with the trawl (sicklefin chub=97%, sturgeon chub=85%),
whereas most flathead chub and western silvery minnow were captured in channel
border habitat with the bag seine (flathead chub=99%, western silvery
minnow=98%). Best-fit regression models predicted sicklefin chub, flathead chub,
and western silvery minnow presence and absence correctly greater than eighty
percent of the time. Sturgeon chub presence and absence was predicted correctly
fifty-five percent of the time. Best-fit regression models fit to fish number data for
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flathead chub, sicklefin chub, and sturgeon chub and fish catch-per-unit-effort data
for flathead chub also provided good fits with R? values ranging from 0.32 to 0.55.
The more natural river conditions (i.e., high turbidity and hydrographs typified by a
spring flood peak) in the YRS and BCS made these two segments better habitat for
native species of fish than the ACS and MZS.

INTRODUCTION

The physical and biological characteristics of riverine systems have been
shown to shape fish communities (Kuehne 1962, Barila, et al. 1981). Alterations of
these river characteristics have led to subsequent changes in fish populations
(Walker and Thoms 1993, Duque et al. 1998) and fish community structure (Bain
1985, Layher 1894, Schmidt et al. 1998, Penaz et al. 1999). In many large river
systems, dams have been primarily responsible for changes in downstream river
physical habitat characteristics (e.g., depth, turbidity, and water temperature),
resulting in changes in native fish species distribution, abundance, and community
structure (Minckley 1991, Ligon et al. 1995, Gehrke et al. 1999).

Historically, most sections of the Missouri and lower Yellowstone Rivers
possessed very similar physical characteristics, including high sediment loads,
meandering channels, and fluctuating hydrographs. Today, the hydrological,
physical, and biological characteristics of many Missouri River segments have been
altered from dam construction, bank stabilization, and other actions; impacted river
segments often exhibit very different environmental characteristics and fish
communities from those of unaltered segments (Hesse et al. 1989).

The confluence of the Missouri and Yellowstone Rivers occurs in northwest
North Dakota near the Montana-North Dakota border. Many native species of fish
are abundant in the confluence area, but are considered at risk or threatened in
other portions of the Missouri River basin (Hesse et al. 1989). The lower
Yellowstone River below the Intake Diversion Dam (river km 114.4) is still very turbid
and productive, with no dams. Conversely, the Missouri River above the confluence
has been impacted by Fort Peck Dam; this segment has an altered hydrograph, a
reduced sediment load, and a colder temperature regime (Young et al. 1997). The
Missouri River below the confluence is influenced by both the lower Yellowstone
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River and Fort Peck Dam. Additionally, at the confluence of the Yellowstone and
Missouri Rivers there is a mixing zone of the two rivers resulting in a habitat with
physical attributes unlike the other three confluence river segments. These four
segments of river thus exhibit different physical, and perhaps biological,
characteristics. The distinctiveness and close proximity of these segments provide
an opportunity to examine the relationship between an array of environmental
variables and the distribution, abundance, and habitat use of various fish species
constituting the native fish community.

Several small cyprinid species common to the confluence area have
diminished in distribution and abundance in many other segments of the Missouri
River and its tributaries (Pflieger and Grace 1987, Hesse 1994). These species
include the flathead chub (Platygobio gracilis), sicklefin chub (Macrhybopsis meeki),
sturgeon chub (Macrhybopsis gelida), and western silvery minnow (Hybognathus
argynitis). Concerns over reduction in range of the sicklefin and sturgeon chubs
prompted petitions to the United States Fish and Wildlife Service in 1994 to list
these two species as endangered. Although the flathead chub and western silvery
minnow are not currently being considered for listing under the Endangered Species
Act, they are listed by most states as threatened or species of concern (Hesse et al.
1989). Even though numerous researchers (Ozanne 1972, Pflieger 1975, Reigh
and Elsen 1979, Stewart 1981, Werdon 1992, Gould 1994, Hesse 1994, Grisak
1996) have provided information on the microhabitat preferences of these native
cyprinid fishes, detailed quantitative assessments are absent concerning their
habitat use in relation to environmental features of large rivers. In the Missouri
River, key questions that remain to be answered are how habitat differences may be
manifested in differences in fish community structure and how threatened, native
cyprinids are partitioning available habitat. Answers to these questions are best
obtained over a very short geographic range where problems with confounding
factors are fewer.

The objectives of this study were to: 1) examine fish species abundance, fish
species distribution, and fish community structure in four distinct large river
segments in the Yellowstone-Missouri River confluence area; 2) examine habitat
use and habitat distinctiveness of four native cyprinids during summer; 3) assess the
importance of the mixing zone of the Missouri and Yellowstone Rivers to native
species of fish.
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STUDY AREA

The confluence of the Missouri and Yellowstone Rivers is located in
northwest North Dakota, approximately eight kilometers (km) from the North Dakota-
Montana border'(Figure 3.1). Within the confluence area, two sections of the
Missouri River, one section of the Yellowstone River, and the mixing zone of the
Missouri and Yellowstone Rivers were the study segments (Figure 3.2). The first
segment of the Missouri River extends 8.0 km upriver from the Missouri River and
Yellowstone River confluence (Missouri River km 2546; hereafter referred to as the
confluence) and is hereafter referred to as the above confluence segment (ACS;
Figure 3.2). The second Missouri River segment extends 48.3 km down river from
the confluence to the headwaters of Lake Sakakawea (rkm 2470.3) and is hereafter
referred to as the below confluence segment (BCS; Figure 3.2). The Yellowstone
River segment extends 24.0 km up river from the confluence and is hereafter
referred to as the Yellowstone River segment (YRS; Figure 3.2). The mixing zone,
hereafter referred to as the mixing zone segment (MZS), extends from the
confluence down river approximately 800 m in the Missouri River.

METHODS

Data Collection

Sample Design

Two habitat types, main channel and main channel border, were common to
all four study segments and were sampled to characterize segment fish
communities and to examine the relationships among fish and select
physiochemical variables. Main channel habitat extended longitudinally to the
shoreline at and immediately adjacent to the thalweg. Channel border habitat was
shallower, and extended laterally from the river shoreline to a maximum depth of 1.5
m.

Eight-250 m sample units that each contained both habitat types were
selected near the confluence in each of three segments of river (ACS, BCS, YRS;
Figure 3.2). A sample unit was defined as one-250 m stretch of river with its



44

longitudinal boundaries as the shoreline (Figure 3.2). Sample units were confined
within the mainstem river, located between, but not within, inside-outside bend
complexes. Only two sample units of this length existed in the MZS, the shortest
segment, so only these two sample units were used. Data were collected in the
period July-September,1997 and 1998. Two sample units were randomly selected,
without replacement, in each of the summer months from each study region. Both
available sample units in the MZS were sampled once in each of the three months.
In each month, all sample units were sampled within four consecutive days.

Fish Collection

Two gears were used to sample fish within sample units. Fish in main
channel habitat were sampled with a benthic beam trawl (2 m in width x 0.5 m in
height x 5.5 m in length; 0.32 cm inner mesh; 3.81 cm outer chafing mesh; 16.5 cm
cod-end opening) and fish in channel border habitat were sampled with a bag seine
(10.7 m in length x 1.8 m in height; 1.8 m®bag; 5 mm ace mesh).

Three trawl subsamples were taken in main channel habitat in each selected
sample unit. For each subsample, the trawl was attached to the bow of the boat
and towed downstream (in reverse) beginning at the upstream lateral boundary and
proceeding downstream parallel to the shoreline, ending 150 m downstream from
the upstream lateral boundary. The first sample was taken in the thalweg, and a
coin toss was used to determine whether the second or third was to the left or right
of the first (Figure 3.2). A buoyed 150 m anchored line marked the upstream and
downstream lateral boundaries and the distance to be towed for each subsample.

Two bag seine subsamples were taken in each sample unit. The first was
taken on either shoreline at the one-third point upstream of the downstream lateral
boundary of the sample unit and the second was taken on the same shoreline at the
two-third point upstream from the downstream lateral boundary (Figure 3.2). The
seine was deployed by holding one end stationary and pulling the other end
upstream until it was fully extended along the shoreline. The upstream end was
then pulled downstream through the water in a 180-degree arc, keeping the net fully
extended or until the water column exceeded a depth of 1.5 m. At the end of the
arc, the net was pulled to shore.

The number and type of fish captured were recorded. Catch densities of all
species were calculated by segment. One seine haul or one trawl tow defined one
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unit of sampling effort. All flathead chubs, sickiefin chubs, sturgeon chubs, and
western silvery minnows were measured for total length. Length-frequency
histograms were constructed for flathead chub, sicklefin chub, sturgeon chub, and
western silvery minnow to examine the population structure and assess year class
strength within each study segment.

Habitat Characterization

Five physiochemical variables (depth, velocity, turbidity, temperature, and
substrate) and one biological variable (invertebrate drift density) were measured
after each benthic trawl and each bag seine subsample. An additional biological
variable, benthic invertebrate density, was measured after each bag seine
subsample. In main-channel habitat, preliminary observations indicated a uniformity
of the physiochemical and biclogical variables among 150 m benthic trawl
subsamples; it was therefore decided that single point measurement of these
variables, with the exception of depth and velocity, adequately represented the
conditions encountered by fish. Depth and velocity were measured at points one-
third, one-half, and two-thirds of the tow length upstream from the downstream tow
lateral boundary. The three measurements were then averaged to obtain the mean
depth and the mean velocity for the tow.

After completing a trawi, the boat was anchored and current velocity was
measured with the aid of an A55M sounding reel (Rickly Hydrological Company) and
hangar bar (19.1 mm x 304.8 mm). The Marsh-McBirney Flowmate Model 2000
probe was attached to the hangar bar and lowered near bottom with the sounding
reel. A 22.7 kg sounding weight was used to keep the current velocity meter probe
pointed into the current and positioned directly below the boat. Current velocity was
measured to the nearest 0.1 m/sec.

Water temperature was measured with a YSI 30 temperature/conductivity
meter. The meter probe was held 1-2 feet under the water's surface and
temperature was measured to the nearest 0.1 °C. Water depth was measured with
a Lowrance sonar device to the nearest 0.1 m. For turbidity measurements, a
sample of water was collected approximately 0.5 m below the water’s surface and
stored in a vial. Water turbidity was measured with a Hach 2100P turbidity meter to
the nearest 1.0 Nephalometric Turbidity Unit (NTU).
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A bottom substrate sample was collected with an iron pipe that had one end
closed. One end of a nylon rope was aitached to the open end of the pipe and the
other connected to the boat. The pipe was then dragged upstream 150 m through
the path of the trawl tow. The pipe contents were emptied onto the boat and the
percentages of silt (particle size <= 0.06 mm), sand (particle size 0.06 <= 2.0 mm),
and gravel (particle size 2.0 mm <= 16 mm) were estimated visually.

In main-channel habitat, invertebrate drift was collected with a Wisconsin-
style plankton net (10.8 cm diameter, 80 ym mesh) fitted with a General Oceanics
flow meter. The boat was anchored and the plankton net was attached to the
hangar bar and 22.7 kg sounding weight and lowered to near bottom with the A55M
sounding reel. The net remained suspended at this depth for 2 min. The quantity of
water sampled by the net was determined using the flow meter and used to
calculate the invertebrate density, expressed as number of organisms/liter.

In channel border habitat, the five physiochemical variables and benthic
invertebrate drift were measured with the same devices at each bag seine
subsample. Water column depth and water velocity were measured along a
transect perpendicular to the shore at the mid-point of the 180-degree bag seine
arc. Measurements for each variable were taken 2, 8, and 10 m from the shoreline.
If the water was too deep and the seine did not extend 10 m from the bank, then
depth and current velocity was measured at the greatest distance from the shore
that was seined. Depth and velocity were also measured at the 2 and 6 m points if
they were less than the greatest distance seined. Depth and current velocity
measurements were averaged to obtain an estimate of depth and velocity for the
subsample. Water temperature, turbidity, and conductivity were measured at the
center of the area seined. A substrate sample was collected with the iron pipe by
first placing it at the deepest point seined and dragging it towards shore along the
perpendicular transect at the seine midpoint. Percentages of sand, silt, and gravel
were then estimated from the pipe contents.

Benthic drift invertebrates were sampled by attaching the Wisconsin-style
plankton net to a wooden pole, held perpendicular to a person’s body, and towing
the net by hand at the site for a period of three minutes. Invertebrate density was
expressed as number of organisms/liter.

Benthic macroinvertebrates were sampled with a Ponar dredge (22.9 ¢m x
22.9 cm). Three Ponar grabs were made at each gear subsample at the 2, 6, and
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10 m points along the transect perpendicular to the midpoint of the seine sample.
The three samples were combined and invertebrates were separated from substrate
by washing grab contents through a wash bucket fitted with a 541 pm sieve screen
bottom. The remaining sediment, debris, and macroinvertebrates were piaced into
a container and preserved with 95% ethanol for transport to the lab and subsequent
analysis. In the lab, benthic invertebrates were identified in most cases to family.
Invertebrate density was expressed as number of organisms/m?.

Analyses

Segment and Habitat Characterization

The degree of physiochemical similarity among the four segments was
examined with cluster analysis. Cluster analysis was performed on physiochemical
data (depth, current velocity, turbidity, temperature, substrate composition, and
discharge) measured in each study segment. In each year and segment,
physiochemical variables were first averaged within each habitat type and then
converted to standard scores by subtracting the mean and dividing by the standard
deviation for each variable (Hair et al. 1995). Next, yearly means for segments were
obtained for each standardized variable by averaging across the two habitat types.

- Finally, yearly means were averaged and a 4 x 8 (4 segments x 8 variables) matrix
was formed for analysis.

A joining clustering method was employed, with a single linkage
amalgamation rule and a Euclidean type distance measure used to form clusters
(Hair et al. 1995). Two of the physiochemical variables, depth and velocity, were
highly correlated (r>0.90), so a type of Euclidian distance measure, Mahalanobis
distance was used (Mahalanobis 1936). Other distance measures were also used
and compared fo the Mahalanobis measure.

Distinctiveness of habitats among segments was determined with a
multivariate technique. Multivariate analysis of variance (MANOVA; Johnson and
Wichern 1992) was conducted across segments for each habitat type. Segments
and years served as the independent variables and water physiochemical
categories (depth, current velocity, turbidity, temperature, percent silt, percent sand)
served as the dependent variabie.
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(3.1 Y =U+T+B +Y,+€

i=1,2, ... s
k=1,2
r=1,2, ... , N

where Y, = is physiochemical category r for year k in segment i, 1 = overall mean
(level), T,= the segment i effect, B, = the year k effect, y, = interaction between
segments and years, €, are independent, normally distributed variables, g =
number of segments, and n = number of physiochemical categories.

The hypotheses used for MANOVA testing are as follows:

H= T,=T,=....T, = 0 (there is no difference in habitat characteristics
among segments).

H,= atleastoneT #0

The equal variance-covariance assumption was checked with the Box test
(Box 1949) Residual plots for each dependent variable were constructed to examine
homoscedasticity. Multicollinearity between dependent variables was examined by
computing the variance inflation factor. An appropriate transformation, such as
arcsine {square root (y)), log (y+1), or square root (y), was applied to dependent
variables that violated any of the assumptions (Hair et al. 1995).

Canonical analysis of variates followed a significant MANOVA (Johnson and
Wichern 1992). This analysis was used to examine collective differences in habitats
among segments. Canonical analysis of variates is used to assess the composite
relationship between multiple dependent and multiple independent variables.
Through this procedure, weighted, linear composites of dependent variables
(physiochemical categories), called canonical variables, were derived that
maximized the difference between the independent variables (study segments).
Those dependent variables with the highest correlations with the first canonical
variable contributed most to the separation of segments, as the first canonical
variable defined the greatest separation of segments {(Johnson and Wichern 1992).

The two canonical variables that accounted for most of the separation among
study segments were used to form axes. The position of each segment on the two
canonical variables was portrayed by plotting study segment scores of
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physiochemical categories on the canonical variables and an ellipse was formed
around each set of scores for a segment.

For the MANOVA, the null hypothesis tested was the equality of vectors of
means of multiple dependent variables (physiochemical variables) across study
segments. Klecka (1979) concluded that this multivariate technique is robust
enough that the assumptions of a multivariate normal distribution of discriminating
variables and equal variance-covariance matrices between groups need not be
rigorously met.

Analysis of variance (ANOVA) procedures were used to further interpret the
canonical analysis of variates results. Normality and homogeneity of variance were
examined prior to the ANOVA. An appropriate transformation, such as arcsine
(square root (y)), log (y+1), or square root (y), was applied to dependent variables
that violated any of the assumptions (Hair et al. 1995). A one-way ANOVA was
performed for each habitat type (main channel and channel border) on each habitat
variable (depth, velocity, turbidity, temperature, percent sand, and percent silt) and
segment combination.

(3.2) Y;=u+a+¢g

where Y; = is the " observation from the i segment, | = overall mean (level), &, =
the i" treatment effects (segment), €; = the error effect associated with Y; which is
normally distributed, g = number of segments, and n = number of observations.

The hypotheses used for ANOVA testing are as follows:

H= o, =0a,= ... =0 (there is no difference in the habitat characteristics
among segments).

H,= atleastoneqa; 0

A significant F-test for treatments indicated that a physiochemical variable was
different among segments, aiding in the interpretation of which physiochemical
variables were responsible for segment differences in the canonical analysis. The
data were analyzed using the Statistica (Statsoft Inc.1997) software package.
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Distribution, Abundance, and Structure

At the time of data collection, the area (m?) of each habitat type in a sample
unit was estimated visually. This information was used to estimate the relative.
abundance of fish species within each segment. In each year, the catch-per-unit-
effort (CPUE; number of fish/m?) for each species from each habitat type in a
sample unit was multiplied times the total area estimated for the habitat in a sample
unit, and then summed, yielding an estimate of the number of fish in that sample
unit. Total estimated numbers of fish from the sample units were then summed,
yielding the total number of fish in the segment for that year. Relative abundance of
each species was computed by dividing the total number of estimated fish for a
species by the total number of fish estimated for the segment. The relative
abundance computed for each species was then averaged across years to obtain
the two-year average.

Fish community diversity was examined in each segment by computing
measures of species heterogeneity, richness, and evenness. Species heterogeneity
in each segment was determined with the reciprocal of Simpson’s index (Williams
1964).

(3.3} D=Yp?(i=1,.....s fish species)
where D is Simpson’s index, p; is the proportion of fish species i in the community,
and Y'p; = 1.0.

Fish species diversity was quantified with the equation:

(3.4) 1/D = fish species diversity

where 1/D is the reciprocal of equation (3.3) which varies from 1 to s, the number of
species in the sample.

Species richness was examined with the rarefaction method (Hurlbert 1971,
Simberloff 1972). This method was chosen over other richness measures because
it corrects for differences in sample size. Species evenness for each segment was
computed with Smith and Wilson's index (E) (Smith and Wilson 1996).

(3.5) E=1 -[2/‘{11 arctangent{Ei=,(loge(ni) - Zj=1(loge(nj)ls)2/ s}}]

where E is Smith and Wilson’s index of evenness, n, is the number of individuals in
species i in sample (i=1, 2, 3, 4,.....,s), n, is the number of individuals in species j in
sample (j=1, 2, 3, 4,......,8), s is the number of species in the entire sample.
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According to Smith and Wilson (1996), this is the best available index of evenness
because it is independent of species richness and is sensitive to both rare and
common species in the community.

Habitat Use

Habitat where flathead chubs, sickiefin chubs, sturgeon chubs, and western
silvery minnows were captured was characterized by graphing the number of
samples where each species was present and absent over a range of water depth,
velocity, turbidity, and temperature categories and by including the percentage of
fish captured in each physiochemical category. This approach depicted which
categories for each variable were used most by each species. CPUE was also
computed for each species by habitat type and reported by segment.

Predictive Models

Multiple regression models were developed for each species to evaluate fish
presence and absence, fish number, and fish density in relation to a variety of
environmental variables. Three types of multiple regression models were
developed: logistic regression, Poisson regression, and linear regression.

Logistic regression models had fish presence (1) or absence (0) as the
dependent variable and turbidity, temperature, substrate expressed as percent
sand, percent silt, or percent gravel, discharge, and a principal component of depth
and velocity as predictor variables. The relationship between multiple environmental
variables and fish presence or absence was described with the logit form of the
logistic regression model.

(3.6) logitpr(Y=1)]=B, + 21_1[3 X 4=1,....... ,n environmental variables)

where logit is the transformation of the probability pr(Y=1), B, is the y-intercept, B, is
the slope for each environmental variable, and X; represents the environmental
variabies.

Models were developed by combining data from all four segments. Predictor
variable multicollinearity was examined prior to analysis. Depth and velocity were
highly correlated (r>0.90, n=238) therefore, principal component analysis was used
to derive a new vector for depth and velocity and used in each logistic regression
analysis (Dunteman 1989). Akaike’s information criterion (AIC) was computed for all
possible combinations of predictor variables (Akaike 1987). The model for each
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species with the fowest AIC value was determined to be the one best-fit model. For
the one best-fit model for each species, the hat matrix diagonal was used to detect
outlier values and Pearson residuals were used to identify observations that were
not well explained by the model (Kleinbaum et al. 1998). Final model reliability was
examined by using the Chi-square test for covariates which tested whether the
variables were statistically significant predictors of fish presence (P<0.05 for
significance).

Poisson regression had fish counts as the dependent variable and gear
effort, current velocity, turbidity, temperature, percent sand or percent gravel,
invertebrate drift density, and benthic invertebrate density as predictor variables.

(3.7) log E(Y)=p, + E,-=1 BX, G=1........ .n environmental variables)

where E (Y)) is the expected number of fish, 3, is the y-intercept, [, is the slope for
each environmental variable, and X, represents the environmental variables.

Data from all four segments were combined for model development for sicklefin
chub, sturgeon chub, and western silvery minnow. Prior to analysis, predictor
variable collinearity was examined with a correlation matrix and multicollinearity was
examined by computing variance inflation factor.

A goodness-of-fit statistic, known as deviance (Kleinbaum et al. 1998),
derived from maximum likelihood ratios, was used to identify variables that
contributed significantly to fish counts (Poisson regression). A forward selection
procedure was employed to develop the best-fit model. First, all one-variable
models were fit and the model with the smallest deviance was kept. Next, all
variables were added one at a time to the best one-variable model to find the two
variable model with the lowest deviance. The best two-variable model was
compared to a chi-square distribution with 1 degree of freedom. If the chi-square
test was significant (P<0.05), then the two variable model was retained. All other
variables, were added, one at a time to this model until the chi-square test was not
significant.

Poisson regression models were developed separately by gear type for fish
species. Differences in gear selectivity prevented analysis across gear types. The
sicklefin and sturgeon chub Poisson regression models were developed from fish
count data obtained from the benthic trawl in main channel habitat. The western
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silvery minnow Poisson regression model was developed from fish count data
obtained from the bag seine in channel border habitat.

For flathead chub, a linear regression model was developed using CPUE
from the bag seine (measured in channel border habitat) as the predictor variable.
Linear regression models were not developed for other species because the
dependent variable did not approximate a normal distribution. Water velocity,
turbidity, temperature, percent sand, invertebrate drift density, and benthic
invertebrate density served as predictor variables for CPUE of flathead chub. The
relationship between multiple environmental variables and fish CPUE was described
with the following form of the multiple regression model.

(3.8 Y=B,+ Ej=1Bjxj g=1,....... ,n environmental variables)

where Y is flathead chub CPUE, B, is the y-intercept, [3j is the slope for each
environmental variable, and X, represents the environmental! variables.

Predictor variable collinearity and multicollinearity were examined in the same
manner as for Poisson regression models. Influential observations were identified
with Cook’s distance. Heteroscedasticity was examined with residual plots and
normality of the error term distribution was examined with normal probability plots.
The dependent variable was square-root transformed to more closely approximate a
normal distribution. AIC was computed for all possible combinations of predictor
variables (SAS 1980). The model for each species with the lowest AIC value was
determined fo be the one best-fit model.

The ability of each best-fit logistic regression model to predict fish presence
or absence and the ability of the best-fit Poisson regression models (sicklefin chub
and sturgeon chub) to predict fish number was tested against an external data set
from the same location. However, before logistic regression model testing could
begin, each model’s optimum decision rule probability for fish presence or absence
was determined. This was accomplished for each best-fit model by plotting decision
rule probabilities on the x-axis and the percent of observations classified correctly as
present or absent on the y-axis. The decision rule probability with the highest
percent of observations classified correctly was considered to be optimum. For the
logistic regression models, 60 observations from the external data set were
randomly selected that included 30 present and 30 absent observations for a
species. The data were entered into each model and a fish was determined to be
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present at an observation when the predicted probability was greater than the
optimum decision rule probability. Tables depicting the percent correctly and
incorrectly classified were developed to examine how well each model predicted fish
presence and absence.

For the sicklefin chub and sturgeon chub Poisson regression models, 45
observations where each species was present were randomly selected from the
external data set and run through each model. A graph depicting the number of fish
predicted by the model on the x-axis and the observed number of fish on the y-axis
was generated for each species to examine how well each model predicted fish
CPUE. For all regression analyses, the data were analyzed using the Statistical
Analysis Systems (SAS 1990) software package.

Habitat Use Distinctiveness

The procedure used to examine distinctiveness of habitats among segments
(MANOVA and canonical analysis of variates) was also used to examine the
distinctiveness of habitat use by each of the four cyprinid species. The MANOVA
was conducted across presence/absence categories for each species, with
presence or absence serving as the independent variable and environmental
variable categories serving as the dependent variables (these variables were
depth/velocity principal component, turbidity, temperature, percent silt, percent sand,
invertebrate drift, and discharge).

(3.9) Y, =p+T+e
i=1,2

where Y, = the environmental variable (r) value for presence/absence category i, Y =
overall mean (level), T;= the i treatment effects (fish presence or absence), €, are
independent, normally distributed variables, and n = number of environmental
variables.

The hypotheses used for MANOVA testing are as follows:

H= T, =T,=0 (there is no difference in habitats where fish were present or
absent).

H,= atleastoneT, # 0
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Assumptions for the MANOVA were examined with procedures identical to those
employed in the habitat distinctiveness analysis. Interpretation of the MANOVA and
canonical analysis of variates also follows that described for the habitat
distinctiveness analysis. An appropriate transformation, such as arcsine (square
root (y)), log (y+1), or square root (y), was applied to dependent variables that
violated any of the assumptions (Hair et al. 1995).

Analysis of variance (ANOVA) procedures were also used to further interpret
the canonical analysis of variates results. Normality and homogeneity of variance
were examined prior to ANOVA, A one-way ANOVA was performed for each habitat
variable (depth, velocity, turbidity, temperature, percent sand, percent sit,
invertebrate drift, and discharge) and fish species catch combination. The fish catch
variable was presence (1) or absence (0).

(310) Y, =+ + €
i=1,2

where Y; = is the |" observation from the i" presence/absence category, | = overall
mean (level), ;= the i" treatment effects (presence or absence), €; = the error
effect associated with Y; which is normally distributed, i = presence or absence
categories, and n = number of observations.

The hypotheses used for ANOVA testing are as follows:

H,= o, =d, =0 (there is no difference in the habitat characteristics among
segments).

H,= atleastone . #0

A significant F-test for treatments indicated that the water physiochemical variable is
different among presence and absence catch locations, aiding in the interpretation
of which environmental variables are responsible for presence/absence differences
in the canonical analysis. An appropriate transformation, such as arcsine (square
root (y)), log (y+1), or square root (y), was applied to dependent variables that
viclated any of the assumptions (Hair et al. 1995). The data were analyzed using the
Statistica (Statsoft Inc.1997) software package.
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Habitat-Niche Distinctiveness

Distinctiveness of the habitat niche within the family Cyprinidae was
examined for the four species that were captured frequently enough for analysis:
flathead chub, sicklefin chub, sturgeon chub, and western silvery minnow. The
procedure used to examine distinctiveness of habitats among segments and
distinctiveness of habitat use by each of the four cyprinid species (MANOVA +
canonical analysis of variates) was also used to examine habitat-niche relations.
Multivariate analysis of variance (MANOVA, Johnson and Wichern 1992) was
conducted across species from the four study regions, with cyprinid species and
years serving as the independent variables and water physiochemical categories
serving as the dependent variable (depth, velocity, turbidity, temperature, percent
silt, percent sand).

(B1N} Yy =U+T,+B+y,+¢,

i=1,2,......,0
1=1,2
r=1,2, ... , N

where Y,; = is the r™ physiochemical variable value for species i in year j, 4 = overall
mean (level), T,= species i effect, f3; = the year j effect, Y; = interaction between
species and years, €;, are independent, normally distributed variables, g = number
of fish species, and n = number of physiochemical categories.

The hypotheses used for MANOVA testing are as follows:

H= T,=T,=...T,= 0 (there is no difference in habitat use among cyprinid
species).

H,= atleastoneT # 0

Assumptions for the MANOVA were examined with procedures identical to those
employed in the habitat distinctiveness analysis. Interpretation of the MANOVA and
canonical analysis of variates aiso follows that described for the habitat
distinctiveness analysis. Analysis of variance (ANOVA) procedures were also used
to further interpret the canonical analysis of variates results. A one-way ANOVA
was performed for each physiochemical category (depth, velocity, turbidity,
temperature, percent sand, percent silt) with fish species serving as treatments.
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(3.12) Y, = p+ o, + €,

where Y; = is the " observation for the i species, |I = overall mean (level), o=
species i effect, €; = the error effect associated with Y that is normally distributed, g
= number of species, j = number of observations, and n, = number of observations of
species i.

The hypotheses used for ANOVA testing are as follows:

H= o, =a,=...Q,=0 (there is no difference in the use of the
physiochemical variable among fish species).

H,= atleastone; #0

A significant F-test for treatments indicated that the water physiochemical category
was used differently by the four fish species, aiding in the interpretation of which
physiochemical variables are responsible for habitat use differences in the canonical
analysis. An appropriate transformation, such as arcsine (square root (y)), log (y+1),
or square root (y), was applied to dependent variables that violated any of the
assumptions (Hair et al. 1995). The data were analyzed using the Statistica (Statsoft
Inc.1997) software package.

RESULTS

Distribution, Abundance, and Structure

A total of 3,302 fish representing 28 species (Tables 3.1-3.4) was sampled
from the four study segments: 265 from the ACS (214 channel border, 51 main
channel), 1,241 from the BCS (1,166 channel border, 76 main channel), 356 from
the MZS (356 channel border, 75 main channel), and 1,095 from the YRS (891 from
channel border, 204 from main channel).

Flathead Chub

Flathead chub was the most abundant species in each of the four segments
(1,611 fish) representing from 33% (MZS) to 65% (BCS) of the catch in any one
segment (Tables 3.1-3.4). Approximately 99% of flathead chubs sampled in the four
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segments were captured with the bag seine. Most flathead chubs in all study
segments ranged from 20-40 mm in length (Figure 3.3). The BCS and YRS had
high proportions of flathead chub less than 50 mm in length.

Sicklefin Chub

The greatest number of sicklefin chubs was captured in the BCS (49 fish).
This species had its highest relative abundance, however, in the ACS (9.8%)
(Tables 3.1-3.4). Ninety-two percent of all sicklefin chubs were captured with the
trawl. Sicklefin chubs ranged from 30 mm to 120 mm in length (Figure 3.4). Most
fish ranged from 60 to 90 mm in length with chubs less than 40 mm found in the
BCS, the MZS, and the YRS. No sicklefin chubs less than 60 mm were captured in
the ACS.

Sturgeon Chub

The highest relative abundance of sturgeon chubs was found in the YRS
(12.1%) where the greatest number of this species was also captured (92) (Tables
3.1-3.4). Eighty-five percent of all sturgeon chubs were captured with the trawi.
Sturgeon chubs ranged from 20-80 mm in length (Figure 3.5). Length-frequency
distributions were irregular with year classes missing in the ACS, BCS, and MZS.
Fish less than 40 mm were captured in all study segments, with the highest
proportion in the YRS.

Western Silvery Minnow

The greatest number of western silvery minnows was captured in the BCS
(169 fish); this segment also had the highest relative abundance of the species
(9.8%) (Tables 3.1-3.4). More than over 98% of all western silvery minnows were
captured with the bag seine. Western silvery minnows ranged from 13 mm to 96
mm in length in the four segments (Figure 3.6). Length-frequency distributions were
irregular in all study segments with year classes missing. Both the BCS and the
YRS had high proportions of fish less than 35 mm.

Species Diversity, Evenness, and Richness

The MZS exhibited the highest species diversity (1/D=6.48, equation 3.4) and
the highest species richness (18.23) (Table 3.5). The highest species evenness
was found in the ACS (E=0.32, equation 3.5). The lowest species diversity was
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found in the BCS (1/D=2.14), whereas the lowest species richness (11.82) and
evenness (E=0.18) were found in the YRS.

Habitat Use

In the four segments, 99% of the 1611 flathead chubs were captured in the
shallow, channel border habitat (Tables 3.1-3.4). In this habitat, the highest CPUE
for flathead chub was in the BCS (20.4 fish/m?) and the lowest in the MZS (4.1
fish/m?) (Table 3.6). CPUE of flathead chubs was low (<0.1 fish/ 100 m? in main
channel habitat in all four segments.

Ninety-seven percent of the 147 sicklefin chubs were captured in the deep,
high velocity main channel habitat in the four study segments (Tables 3.1-3.4). The
highest CPUE found for sicklefin chub in this habitat was in the YRS (0.4 fish/ 100
m?) and the lowest in the ACS and MZS (0.2 fish/ 100 m? (Table 3.6). Sicklefin
chubs were not captured in the shallow, channel border habitat except for four fish
(3%) in the BCS.

Most of the 155 sturgeon chubs were captured in main channel habitat (85%)
(Tables 3.1-3.4). In this habitat, the highest CPUE for sturgeon chub was found in
the YRS (0.7 fish/100 m?) and the lowest in the MZS (<0.1 fish/100 m?) (Table 3.6).
CPUE was low for sturgeon chub in channel border habitat in all four segments, but
was highest in the YRS (0.3 fish/m?).

Most western silvery minnows were captured in channel border (98%)
(Tables 3.1-3.4). In channel border, the BCS had the highest CPUE for western
silvery minnow (4.4 fish/m?) and the ACS had the lowest CPUE (0.6 fish/m?) (Table
3.6). Few western silvery minnows were captured in the main channel.

Overall, the highest catch rates for sicklefin chub, sturgeon chub, western
silvery minnow, and flathead chub were found in BCS and YRS. Catch rates for
these species were similar in the ACS and MZS. Catch rates for other fish species
varied among the segments (Table 3.5).

Nearly all fish collection samples taken at sites less than 1 m in depth (93%)
and 0.25 m/sec in velocity (94%) contained flathead chubs (Figure 3.7). More than
99% of flathead chub were captured in depths less than 1 m and 90% were
captured in current velocity less than 0.25 m/sec. Sixty-six percent of flathead chub
were captured in turbidities less than 250 NTU. Sixty-two percent of flathead chub
were captured in temperatures between 18-22 °C. (Figure 3.7).
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Few samples taken at depths less than 2 m or velocities less than 0.5 m/sec
contained sicklefin chubs (Figure 3.8). Approximately 86% and 64% of sicklefin
chub were captured in depths from 2-5 m and in current velocity from 0.5-1.0 m/sec,
respectively. Most sicklefin chubs were captured in turbidities less than 500 NTU
(87%) and in temperatures between 20-24 °C (83%) (Figure 3.8).

Sturgeon chub were captured in samples taken at all depth and nearly all
current velocity categories (Figure 3.9). The highest proportion of samples
containing fish were from 2-4 m in depth and exhibited 0.5-1 m/sec current
velocities. Approximately 88% and 81% of sturgeon chub were captured in depths
from 2-5 m and in current velocities from 0.5-1 m/sec. Few samples with turbidities
greater than 500 NTU or with temperatures less than 18 °C or greater than 24°C
contained sturgeon chub (Figure 3.9). Most sturgeon chub were captured in
turbidities less than 250 NTU (78%) and in temperatures between 18-22 °C (80%).

Ninety-eight percent of western silvery minnows were captured in depths less
than 1 m and in current velocity less than 0.5 m/sec (Figure 3.10). Most western
silvery minnows were captured in turbidities less than 250 NTU (85%) and in
temperatures between 18-22 °C (64%).

Segment and Habitat Characterization

The two segments that were most physiochemically similar were the YRS and
MZS, with the ACS the most dissimilar (Figure 3.11). Among the segments, channel
border habitat was similar in depth, current velocity, and turbidity (Table 3.7). The
mean water temperature was nearly 2 °C cooler in the ACS and both the ACS and
the MZS contained twice the mean percent composition of silt as compared to the
other two study segments. Current velocity and substrate composition were similar
among the four study segments in main channel habitat (Table 3.8). Mean depth
(5.4 m) and turbidity (239.4 NTU) were greater in the MZS than the other three study
segments. Mean water temperature was lowest in the ACS (19.0 °C) and highest in
the YRS (21.6 °C).

Significant differences in physiochemical characteristics were found among
segments in both habitat types (main channel, MANOVA, Wilk's Lambda=0.5641,
P<0.0001; channel border, MANOVA, Wilk's Lambda=0.6324, P<0.001), but not
years (main channel, MANOVA, Wilk’'s Lambda=0.2142, P=0.71; channel border,
MANOVA, Wilk’s Lambda=0.2334, P=0.11). No significant interaction was found
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between study segments and years for either main channel habitat (MANOVA,
Wilk's Lambda=0.1764, P=0.22) or channel border habitat (MANOVA, Wilk’s
Lambda=0.2875, P=0.09).

The canonical analysis of water physiochemical data from main channel
habitat derived three canonical variables, each a composite of the six
physiochemical variables retained (Table 3.9). The first two canonical variables
accounted for approximately 80% of the physiochemical differences among the four
segments. Depth exhibited the largest score (standardized canonical coefficient) on
the first canonical variable (depth=-0.9808) which indicates that this variable was
responsible for most of the habitat physiochemical differences among the four
segments.

For main channel habitat, plots of individual scores on the first two canonical
variables revealed three groups (Figure 3.12). One group consisted of the YRS and
MZS, the second group included the BCS, and the third group included the ACS.
The YRS and MZS showed nearly complete overlap. The ACS and BCS were
separated from the other two segments on the horizontal axis by depth and from
these two segments and each other on the vertical axis by velocity (Figure 3.12).

The canonical analysis of water physiochemical data from channel border
habitat derived three canonical variables, each a composite of the six
physiochemical variables retained (Table 3.10). The first two canonical variables
accounted for approximately 85% of the physiochemical differences among the four
segments. Depth exhibited the largest score (standardized canonical coefficients)
on the first canonical variable (depth=0.8003) which indicates that this variable was
responsible for most of the habitat physiochemical differences among the four
segments.

For channel border habitat, plots of individual scores on the first two
canonical variables revealed that the four segments overlapped with one another to
varying degrees (Figure 3.13). The YRS exhibited a high degree of overlap with
both the BCS and MZS. The ACS and the YRS showed separation only on the
vertical axis by substrate, whereas the BCS and MZS only showed separation on
the horizontal axis by depth (Figure 3.13).

Different physiochemical variables in main channel habitat and in channel
border habitat were responsible for differences among segments. For main channel
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habitat, depth (ANOVA, F=11.33, P<0.0001), velocity (ANOVA, F=7.64, P<0.0001),
turbidity (ANOVA, F=2.92, P=0.04), and temperature (ANOVA, F=8.60, P=0.0001)
differed significantly among segments (Table 3.10). For channel border habitat,
depth (ANOVA, F=4.16, P=0.0087) was also significant. Percent silt (ANOVA,
F=4.31, P=0.0073) and percent sand (ANOVA, F=3.79, P=0.01) were also
significantly different among segments (Table 3.10).

Habitat Use Distinctiveness

Significant differences were found between the habitats where fish were
present and absent for flathead chub (MANOVA, Wilk's Lambda=, P<0.0001),
sicklefin chub (MANOVA, Wilk’'s Lambda=0.000, P<0.0001), sturgeon chub
(MANOVA, Wilk’'s Lambda=0.8666, P<0.0001), and western silvery minnow
(MANOVA, Wilk’'s Lambda=0.7747, P<0.0001). Therefore, | rejected the null
hypothesis that there was no difference in habitat characteristics where any of the
four minnow species were present or absent.

For each species, canonical analysis of habitat data from minnow collection
sites derived a single variable, each a composite of the six environmental variables
retained (Table 3.11). For each species, the original variables with the largest
scores (standardized canonical coefficients) on the canonical variable were: flathead
chub - depth/velocity principal component (-0.9283); sicklefin chub - silt (1.0382);
sturgeon chub - silt (-1.0895); western silvery minnow - depth/velocity principal
component (-0.9782). Since the canonical variable gives the greatest separation
among the sample sites based on the habitat data, the environmental categories
that exhibit the highest correlation with the canonical variable drives this separation.
For each of the four species, the environmental variables listed above are
responsible for most of the variation in habitat use.

Significant differences were also found between the habitat characteristics of
minnow sampling sites (Table 3.11). For flathead chub and western silvery minnow,
depth and velocity (flathead chub, ANOVA, F=1.61, P<0.0001; western silvery
minnow, ANOVA, F=6.48, P<0.0001) percent silt (flathead chub, ANOVA, F=6.47,
P<0.0001; western silvery minnow, ANOVA, F=27.01, P<0.0001), and percent sand
(flathead chub, ANOVA, F=1.61, P<0.0001; western silvery minnow, ANOVA,
F=21.97, P<0.0001) differed between sample sites where fish were present or
absent (Table 3.11). Depth and velocity (ANOVA, F=11.85, P=0.0007), temperature
(ANOVA, F=5.81, P=0.02), percent siltt (ANOVA, F=19.57, P<0.0001), percent sand
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(ANOVA, F=14.06, P=0.0002), and discharge (ANOVA, F=9.49, P=0.0023) differed
significantly between sampling sites where sicklefin chub were present and absent
(Table 3.11). For sturgeon chub, percent silt (ANOVA, F=4.49, P=0.04) and
discharge (ANOVA, F=25.74, P<0.0001) differed between sample sites where fish
were present or absent (Table 3.11).

Predictive Models

For flathead chub, sicklefin chub, sturgeon chub, and western silvery minnow,
I | rejected the null hypothesis that there was no difference in habitat characteristics
where fish were sampled and not sampled. For flathead chub, one variable, the
principal component of depth and velocity, was significantly (multiple logistic
regression; P<0.0001) related to flathead chub presence (1) or absence (0) (Table
3.12). Based on the odds ratio, a 1 m decrease in depth and a decrease of 1 m/sec
in current velocity would increase the odds of a flathead chub being present by 4
times.

For sicklefin chub, four variables--temperature, percent sand, discharge, and
the depth/velocity principal component were significantly (multiple logistic
regression; P<0.0001) related to sicklefin chub presence (1) or absence (0) (Table
3.12). Based on the odds ratio, if all other variables were held constant, an increase
in depth of 1 m and an increase in velocity of 1 m/sec would increase the odds of a
sicklefin chub being present by 3.1 times. For water temperature, an increase of 2
°C would increase the odds of there being a sicklefin chub present by 1.6 times. For
sand and discharge, an increase in percent sand of 50% and a decrease in
discharge by 300 m®/sec leads to an increase in the odds of a sicklefin chub being
present by 1.8 and 2.5 times, respectively.

For sturgeon chub, two variables, percent sand and discharge were
significantly (multiple logistic regression; P<0.0001) related to sturgeon chub
presence (1) or absence (0) (Table 3.12). Based on the odds ratio, if all other
variables were held constant, a 50% increase in sand would increase the odds of
there being a sturgeon chub present by 1.2 times. For discharge, a decrease of 300
m®/sec would increase the odds of there being a sturgeon chub present by 1.8
times.

For western silvery minnow, two variables, the depth/velocity principal
component and percent sand were significantly (multiple logistic regression;
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P<0.0001) related to presence (1) or absence (0) (Table 3.12). Based on the odds
ratio, if ali other variables were held constant, a decrease of 1 m in depth and a
decrease of 1 m/sec in velocity would increase the odds of a western silvery minnow
being present by 1.2 times. For sand, an increase of 50 percent would increase the
odds of there being a western silvery minnow present by 2.0 times.

For sicklefin chub, sturgeon chub, and western silvery minnow, | rejected the
null hypotheses that there was no difference in habitat characteristics based on fish
number. For the sicklefin chub, two variables, current velocity and temperature
were significantly (multiple Poisson regression; P<0.0001, R?=0.32) related to
sicklefin chub number (Table 3.12). Based on the predicted number of fish, if all
other variables were held constant, a 0.25 m/sec decrease in current velocity would
increase the number of fish by 1.8 times. For temperature, an increase of 2 °C
would increase the number of fish by 1.2 times.

For sturgeon chub, four variables, discharge, percent gravel, current velocity,
and turbidity were significantly (multiple Poisson regression; P<0.0001, R?=0.55)
related to fish number (Table 3.12). If all other variables were held constant,
decreasing the discharge by 500 m®sec, the current velocity by 0.50 m/sec, and the
turbidity by 250 NTU the number of sturgeon chub would increase by 1.0, 3.6, and
1.0 times, respectively. An increase of 50% in gravel would increase the number of
fish by 1.2 times.

For western silvery minnow, four variables, effort, current velocity, percent
sand, and benthic invertebrate density were significantly (multiple Poisson
regression; P<0.0001, R*=0.43) related to fish number (Table 3.12). Based on the
predicted number of fish, if all other variables were held constant, a decrease in
current velocity of 0.25 m/sec and an increase in fish gear effort of 10 m? would
increase the number of fish by 31.2 and 1.1 times, respectively. Similarly, an
increase in sand by 50% and in benthic invertebrate density by 100 organisms/m?
would increase the number of fish by 1.0 and 1.2 times, respectively.

For flathead chub, | rejected the null hypothesis that there was no difference
in habitat characteristics based on fish CPUE (number fish/m?). Four variables,
current velocity, turbidity, percent sand, and benthic invertebrate density were
significantly (multiple linear least-squares regression; P<0.0001, R?=0.47) related to
flathead chub CPUE (Table 3.12). Based on fish CPUE, if all other variables were
held constant, a decrease in current velocity of 0.25 m/sec would increase flathead
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chub CPUE by 1.4 times. Similarly, an increase in sand by 50%, an increase in
turbidity by 500 NTU, and an increase in benthic invertebrate density by 100
organisms/m? would increase the CPUE by 2.0 times each.

For logistic regression model testing, optimum decision rule probabilities
ranged from 0.50 for sicklefin chub to 0.65 for flathead chub (Figure 3.14). The
flathead chub logistic model worked best, predicting flathead chub presence
correctly at a rate of 90% and predicting both flathead chub presence and absence
at a rate of 95% (Table 3.13). The logistic models developed for western silvery
minnow and sicklefin chub also performed well. Western silvery minnow presence
and combined presence and absence was predicted correctly at rates of 97% and
80%, respectively (Table 3.13). Sicklefin chub presence was predicted correctly at a
rate of 70% whereas, combined presence and absence was predicted correctly 80%
of the time. The logistic model developed for sturgeon chub performed poorest. It
correctly predicted chub presence and combined presence and absence only 57%
and 55% of the time, respectively (Table 3.13).

The sicklefin chub and sturgeon chub Poisson models also showed close
agreement between the number of fish observed and the number of fish predicted
by both models (sicklefin chub, r=0.45, Figure 3.15; sturgeon chub, r=0.52, Figure
3.16).

Habitat Niche Distinctiveness

Habitat use among flathead chub, sicklefin chub, sturgeon chub, and western
silvery minnow differed (MANOVA, Wilk's Lambda=0.4357, P<0.001). No difference
in habitat use was found among years, however (MANOVA, Wilk's Lambda=1.5644,
P=0.10). No significant interaction was found between species and years
(MANOVA, Wilk's Lambda=1.7801, P=0.40). The canonical analysis of habitat use
data derived three canonical variables, each a composite of the six physiochemical
variables retained (Table 3.14). The first two canonical variables accounted for
approximately 99% of the habitat use differences among the four species. Current
velocity and temperature exhibited the largest scores (standardized canonical
coefficients) on the first canonical variable (current velocity, -0.6854; temperature,
0.6362) which indicates that these two physiochemical variables were responsible

for most of the habitat use differences among the four species in the segments
(Table 3.14).
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Plots of individual scores on the first two canonical variables revealed two
groups of species among the four groups of species investigated that exhibited high
niche overlap (Figure 3.17). One group consisted of flathead chub and western
silvery minnow, these two species were nearly identical in their use of low current
velocity habitat. The second group included the sicklefin and sturgeon chubs, which
overlapped in use of habitats with high current velocity. Sturgeon chub also
overlapped with western silvery minnow and flathead chub in use of lower current
velocity habitat. Little separation in use was detected among the four species with
regard to temperature however, sicklefin chubs used main channel habitat almost
exclusively, resulting in less overlap with flathead chubs and western silvery
minnows.

Significant differences were also found among the four species’ habitat use
using ANOVA (Table 3.14). Depth (ANOVA, F=64.69, P<0.0001), velocity (ANOVA,
F=84.09, P<0.0001), percent silt (ANOVA, F=28.10, P<0.0001) and percent sand
(ANOVA, F=12.72, P<0.0001) use differed significantly among the four species
(Table 3.14).

DISCUSSION

Segment and Habitat Characterization

The physiochemical differences among the study segments indicated the
presence of distinctly different habitat conditions for fishes among study segments,
especially between the ACS and the other segments. For example, the YRS was
characterized by high turbidity, high summer water temperatures (in the main
channel), and high discharge. In comparison, the ACS of river exhibited lower main
channel turbidity, lower water temperature (as compared to the other study
segments), and lower discharge. Many of the differences are a result of the strong
influence of the Yellowstone River on downstream segments and the influence of
Fort Peck dam on the ACS. Fort Peck dam acts as a sediment sink, trapping
inflowing suspended sediment, and limiting downstream movement of the river's
suspended load (Leopold 1964). As a result, turbidity is reduced in the ACS.
Hypolimnetic withdrawals from Fort Peck Dam also have reduced the summer water
temperatures in the ACS. Peak water temperatures in the ACS were from 4.9 to 6.1
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°C cooler than the other segments (Table 3.8). The influence of the Missouri River
above the confluence on the physiochemical characteristics of the MZS and BCS
was dampened by the higher discharge exhibited by the Yellowstone River for most
of the study period (July-September) in both 1997 and 1998 (Figure 3.18), causing
the ACS to be greatly different from the other segments.

Habitat Use

Flathead chub and western silvery minnow used similar depths, velocities,
turbidities, temperatures, and substrates. | found that in samples containing
western silvery minnows, flathead chubs were also present 83% of the time and in
samples containing flathead chubs, western silvery minnows were present
approximately 40% of the time. Gould (1985} also frequently captured these two
species together in the Musselshell River, Montana. In this study, both species
commonly used depths less than 1 m and current velocities less than 0.25 m/sec,
with few individuals of either species captured in the deeper, swifter main channel.
Habitat models for both species also included depth and velocity as significant
variables in predicting fish presence or abundance, with decreasing depth and
velocity resulting in increasing fish number or presence probability. Similarly,
canonical analysis of physiochemical data measured at sampling sites revealed that
depth and velocity strongly influenced where these two species were present and
absent.

Pflieger and Grace (1987) documented the precipitous decline in both
flathead chub and western silvery minnow in the lower Missouri River over a 40 year
period. They hypothesized that the decline in flathead chub was related to reduced
turbidity and competition with other fish species and the reduction in western silvery
minnow was due to reduced sediment transport and loss of silty backwater habitat.
Results of this study indicate that shallow, low velocity habitat is important for
flathead chub. The near absence of this habitat in the lower Missouri River may
also be a contributing factor responsible for both species’ decline there.

Sicklefin chub, in contrast, were more associated with the main channel.
They commonly used sand substrate and depths greater than 3 m and current
velocities greater than 0.5 m/sec. Grisak (1996) found that sample sites containing
this species averaged 0.58 m/sec current velocity, 3.4 m depth, and 70% sand
substrate. [n this study, the mean depth occupied was similar (3.7 m) as in his
study. Sites where chubs were found in the present study contained 1.3 times more
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sand (90.8%) and exhibited an average current velocity (0.9 m/sec) that was 1.6
times swifter than sites in Grisak’s (1996) study. Habitat models predicting either
presence or abundance for this species included percent sand, current velocity, and
discharge as significant variables, with an increase in percent sand and current
velocity and a decrease in discharge positively influencing fish presence or
abundance. Similar results were obtained by Everett (1999) for sicklefin chub in the
confluence area in 1995. The influence of discharge on fish presence or abundance
must be its effect on trawl CPUE. For sicklefin chub (r=-0.30), discharge and CPUE
are negatively correlated. Perhaps at high discharge, a greater amount of suitable
habitat is available, thereby reducing fish density and negatively affecting CPUE.

Sturgeon chub commonly used sand substrate and depths ranging from 0 to
4 m and current velocities ranging from 0 to 1.0 m/sec. Habitat models for this
species included percent gravel, current velocity, and discharge as significant
variables in predicting fish abundance, with an increase in percent gravel and a
decrease in current velocity and discharge positively influencing fish number.
Everett (1999) also found that a decrease in current velocity positively influenced the
presence of sturgeon chub. Other researchers found that gravel was the primary
substrate used by sturgeon chub (Davis and Miller 1967, Baxter and Simon 1970,
Elser et al. 1980, Burr and Warren 1986, Gould 1994, Gelwicks et al. 1996). | found
the primary substrate used by sturgeon chub was sand. Increasing percent gravel
at sample sites positively influenced sturgeon chub density, however. The negative
influence (r=-0.34) of discharge on CPUE is similar to that observed for sicklefin
chub.

Habitat Niche Distinctiveness

Niche overlap analysis has been used as an indicator of the possible
importance of competition in shaping resource use in communities (McNeely 1882).
However, it has also been used to examine niche segregation in species resource
use (Desselle et al. 1978). In this study, habitat niche segregation was found
among the four species to varying degrees. Canonical analysis indicated that the
primary difference in habitat use among the four species was due to current velocity.
Western silvery minnow and flathead chub overlapped to a high degree in their use
of water with low current velocities. The common occurrence of flathead chub and
western silvery minnow in samples elsewhere (Gould 1985, Pflieger 1975) indicates
that these two species overlap in their resource use at other locations. Flathead
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chub and Hybognathus spp. have also been found to overlap in habitat use with
sturgeon chub (Gould 1994) which is similar to results found in this study.

Sickiefin chub and sturgeon chub exhibited high overlap in their use of high
current velocity habitat, but sturgeon chub also exhibited use of low current velocity
habitat whereas sicklefin chub did not. Similarly, Everett (1999) found that even
though sicklefin and sturgeon chubs were frequently captured together in habitats
with high current velocity, sturgeon chub were found in additional habitats exhibiting
very low current velocities.

Distribution, Abundance, Density, and Structure

The higher density, catch, and abundance for flathead chub and western
silvery minnow in the YRS and BCS, in addition to the more uniform length-
frequency distributions, indicates that these two segments are better habitat for
these species of fish than the ACS and MZS of river. Most individuals of both
species were captured in channel border habitat in all four study segments. This
habitat exhibited lower current velocities and a greater percentage of sand substrate
in the YRS and BCS than in the ACS and MZS. Habitat models predicting fish
abundance and density included both these variables, with abundance of both
species increasing as velocity decreased and percent sand increased.

The YRS and BCS main channel habitats yielded the highest densities and
catches of sicklefin chubs indicating that these two segments were better habitat for
this species than the ACS and MZS. A habitat model using sicklefin chub
abundance data from this habitat included current velocity and temperature, with
abundance of sicklefin chubs increasing as velocity increased and temperature
increased. Approximately 72% of sicklefin chub were captured in current velocities
between 0.75 and 1.25 m/sec. High proportions of trawl subsamples in both the
YRS (86%) and BCS (77%) fell within this velocity category; lower proportions of
trawl subsamples in the ACS (62%) and MZS (56%) were within this range of
current velocity. Similarly, water temperatures were highest in main channel habitat
in the YRS, where this species achieved its highest CPUE.

The higher density, catch, and abundance for sturgeon chub in the YRS and
BCS, in addition to the more uniform length-frequency distributions, indicated that
these two segments were better habitat for this species than the ACS and MZS of
river. Most sturgeon chub samples were collected in August and September of
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1998 in main channel habitat within the YRS. At this time, the river discharge was
lower in the YRS than in the other three segments, which explains the inclusion of
this variable in both sturgeon chub models. Coarser substrates (more sand and
gravel) were found in both habitat types in YRS and BCS than in the other two
segments. The habitat models predicting fish presence and fish number included
both these variables, with the presence of sturgeon chub increasing with decreasing
discharge and increasing coarseness of substrate.

The importance of the mixing zone to native species of fish was difficult to
ascertain. This segment had high catch rates for sicklefin chub and western silvery
minnow and exhibited the highest catch rates for shovelnose sturgeon
(Scaphirhynchus platorynchus), goldeye (Hiodon alosoides), river carpsucker
(Carpiodes carpio), age-0 sauger (Stizostedion canadense), and age-0 walleye
(Stizostedion vitreumn), all native species of fish. A single pallid sturgeon
(Scaphirhynchus albus) approximately 1000 mm in length and 22-28 kg in weight, a
federally endangered species, was also captured in the MZS with the trawl. Pallid
sturgeon also have been frequently captured in this segment in the past (Steve
Krentz, United States Fish and Wildlife Service, Bismarck, North Dakota, Personal
Communication) indicating that it may be important habitat for this species.

At this time, the status of flathead chub, sicklefin chub, sturgeon chub, and
western silvery minnow is a subject of debate. In the lower Missouri River, the
abundance of these four species has declined precipitously since the onset of dam
construction and channelization (Pflieger and Grace 1987) and each has received
considerable support for listing under the Endangered Species Act (Werdon 1993a,
1993b; Hesse 1994). However, studies conducted in the upper Missouri and lower
Yellowstone Rivers (Gould 1994, Grisak 1996, Young et al. 1997, Everett 1999)
suggest that the status of these species may be less a cause for concern in
Montana and North Dakota, based on their widespread distribution and abundance.
in this study, these four species made up over 65% of the catch, indicating that their
status is better in the confluence area than in many portions of the middle and lower
Missouri Rivers.

For sustainable populations of flathead chub, sicklefin chub, sturgeon chub,
and western silvery minnow in the upper Missouri and lower Yellowstone Rivers,
_natural river characteristics, such as a naturally fluctuating hydrograph and a high
sediment load, that produce a diversity of habitats and habitat conditions should be
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preserved, and if possible, improved in altered river segments. Channel
modifications, such as bank stabilization and additional irrigation withdrawals, that
would alter natural river habitat should be discouraged.
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CHAPTER 4

Habitat Alterations, Fish Ecomorphology, and Fish Community
Structure in the Missouri River System

ABSTRACT

in 1997 and 1998, sampling was conducted on the Missouri River to
determine if fish body morphology and habitat alterations can interact to influence
fish community structure in altered reaches of a large river and to examine the
relationship between streamlining and current velocity for a variety of fish species.
The study area consisted of a moderately altered segment and two highly aftered
segments of the Missouri River from the mouth of the Yellowstone River to Kansas
City, Missouri. One highly altered segment was impacted by a mainstem dam and
the other by river channelization. The three segments exhibited greatly different fish
communities. Small native minnows (Cyprinidae), particularly flathead chub
(Platygobio gracilis), and deep-bodied suckers, such as bigmouth buffalo (fctiobus
cyprinellus), were common in the moderately altered segment. The highly altered
below-dam segment was dominated by the dorsally compressed white (Catostomus
commersonii) and longnose (Cafostomus catostomus) suckers. Gizzard shad
(Dorosoma cepedianum) dominated the fish community in the highly altered
channelized segment, but were not found in the moderately altered or below dam
segments. The highest mean and highest maximum current velocity use in the
three segments was exhibited by species such as sicklefin chub {Macrhybopsis
meeki), sturgeon chub (Macrhybopsis gelida), blue sucker (Cycleptus elongatus),
and stonecat (Noturus flavus), that were optimally or nearly optimally streamlined
(Fineness Ratios (FRs) =4.5). Deep-bodied species with FRs typically below 3.5,
such as buffalo fish, river carpsucker (Carpiodes carpio), and centrarchids, tended
to exhibit the lowest mean and lowest maximum current velocity use in the three
segments.

In the moderately altered segment, higher diversity of depths and current
velocities led to a fish community that was less streamlined and that exhibited
greater FR diversity than in the two highly altered segments, which had fower
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diversities of depths and velocities. The more natural river flow characteristics and
habitat conditions found in the moderately aitered segment were responsible for
diversities of depths, velocities, and FRs that were higher than those found in the
two highly aliered segments. Based on results from this study, alterations to large
rivers and fish morphology can interact to change fish community structure.

INTRODUCTION

Regulation and impoundment of large rivers, including damming and
channelization, have resulted in major habitat changes in these important aquatic
systems. Dams, which have been referred to as a cataclysmic event in the life of a
riverine ecosystem (Gup 1994), interrupt ecological processes by reducing nutrient
flow, altering temperature regimes, trapping sediment, and changing the frequency
and timing of discharge (Hesse 1987, Ligon et al. 1995, Poff et al. 1997).
Channelization, the artificial straightening and dredging of rivers, modifies or
eliminates natural river features such as channel meandering and pool-riffle
sequence and changes river hydrology and morphology (Swales 1988). The loss of
these features from channelization results in more uniformity in river characteristics,
including depths, velocities, and substrates. The result is a more uniform habitat for
riverine fishes.

The effects of dams and channelization on fish diversity, richness, density,
and productivity have been well documented (Portt et al. 1986, Swales 1988, Neves
and Angermeier 1990, Brittain et al. 1993, Agostinho and Zalewski 1995, Jurajda
1995, KubeCka and Vostradovsky 1995). Their impacts on fish community
structure have also been examined, but few studies have analyzed the links
between fish community structure, stream characteristics (natural versus altered),
and fish morphology.

In the evolution of stream fish, environmental conditions influence fish
physiology, behavior, and morphology (Moyle and Cech 1988, Danzmann et al.
1993, Fujii 1993). An important environmental factor that fish respond to is current
velocity. Prior to the turn of the century, the Missouri River hydrosystem was
characterized by a diversity of habitats exhibiting a wide range of velocities (Hesse
and Sheets 1993). Today, in reaches of the Missouri River that retain some
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naturalness, a diversity of river habitats exists, whereas in more altered reaches,
habitats tend to be more uniform. The environmental differences between these two
types of reaches, especially as manifested by current velocity, must influence fish
community structure.

For example, faster and more uniform current coupled with the loss of fish
refugia in channelized stretches of river greatly affects fish community structure.
Scarnecchia (1988) reported that fish communities in channelized reaches of a
prairie stream in lowa were dominated by more streamlined fish species than were
communities found in unchannelized reaches. The unchannelized reaches had
more diverse velocity conditions and offered more refugia for species not optimally
streamlined. In this case, stream current, coupled with the absence of refugia,
helped shape fish community structure.

Nearly one-third of the Missouri River has been channelized and another
one-third has been impounded by six mainstem dams. The free-flowing Missouri
River was turbid (Evermann and Cox 1896} and exhibited frequent flooding and high
hydraulic diversity. Since the early twentieth century, it has been characterized by
reduced sediment transport and a more stable hydrograph — a result of dam
construction and iand use practices throughout the basin (Hesse 1987, Hesse et al.
1989). Its once shallow and meandering channel has been channelized for
navigation, primarily between Sioux City, lowa and St. Louis, Missouri. Only one-
third of the Missouri remains free-flowing and relatively unaltered.

Missouri River segments exhibit different hydrological and morphological
characteristics. Some riverine segments are similar to the historic Missouri River
whereas other segments are greatly altered by channelization and impoundment
(Hesse et al. 1989, Hesse and Sheets 1993, Young et al. 1997). The hydrologic
and morphologic diversity of Missouri River segments presents an opportunity to
examine the influence of dams and channelization on fish community structure. The
objectives of this study were: (1) to determine if streamlining can be a significant
factor influencing fish community structure in altered reaches of a large river. (2) to
examine the relationship between streamlining and current velocity for a variety of
fish species in a large river.

Two main hypotheses were tested. It was hypothesized that fish
communities in more altered river segments should exhibit more optimal
streamlining and exhibit less variability from optimal values because of the presence



79

of more uniform velocities and less refugia; fish communities in less altered
segments should exhibit more variation from optimal streamlining.

Second, it was hypothesized that segments that have less habitat diversity
(tess variability in depths, velocities, and substrates) would have a fish community
characterized by less diversity in streamlining.

PHYSICAL SIGNIFICANCE AND MEASUREMENT OF
STREAMLINING

It was realized long ago that certain species of fish possess body types that
allow them to move more easily through the water or hold their position in high
current (Gibbs-Smith 1962). There are three main forces that act on bodies that
move in fluids: inertial, viscous, and gravitational. The first two are significant for
bodies that are submerged and interact to produce drag. How drag is produced and
how it affects submerged objects is described by Webb (1975): “The boundary layer
is the region of flow around a body where the fluid velocity increases from that of the
body to that of the undisturbed fluid of the stream. In the flow pattern around any
solid body the velocity field becomes distorted in the region of the body. This
distortion in the flow produces streamwise (i.e., in the direction of flow), favorable,
and adverse pressure gradients. If there is a difference in the two gradients and the
flow remains distorted downstream of the body, there is a pressure difference
between leading and trailing edges which is a drag force. The magnitude of this
pressure drag force depends on the magnitude of the adverse pressure gradient, for
if it causes the boundary layer to separate, flow is markedly distorted downstream,
and pressure drag correspondingly higher”. For objects that are elongate and taper
to a point, fluid gradually decelerates in the rear, little or no separation of the
boundary layer occurs, and the object is pushed forward by the wedge-like closure
of the fluid behind it (Vogel 1981).

A streamlined body is designed to have zero pressure drag in a fluid. In
practice this is not possible and a streamline body is defined as a body with least
resistance (Webb 1975). Streamlining can be described by the Fineness Ratio (FR)
= I/d, where | is the total length of the body (exciuding fins), also known as the
standard length (measured from the tip of the fish's snout to the base of the tail fin),
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and d is the maximum diameter of the body (excluding fins). A streamlined fish is
one with a body shape that allows the fish to hold its position in relatively high
velocity currents. The fineness ratio is a quantitative measurement that partially
describes how streamlined a fish is. The fineness ratio believed to reflect an
“optimal” level of streamline-ness is 4.5 and for fish this value gives minimum drag
for maximum body volume (Webb 1975). FR can vary between about 3 and 7 and
result in only about a 10% change in drag from the optimum value.

STUDY AREA

The relationship between fish morphology and habitat alteration was
examined in three Missouri River segments. Two of the study segments are located
in the state of North Dakota. One North Dakota segment extends from the
Yellowstone-Missouri River confluence (Missouri River km (rkm) 2546.0) near the
North Dakota-Montana border to its lower boundary of Lake Sakakawea (rkm
2470.3) and is hereafter referred to as Missouri River Benthic Fish Study segment
10 (segment 10; Figure 4.1). The second North Dakota segment extends from
Garrison Dam (rkm 2235.4) in south-central North Dakota to its lower boundary of
Lake Oahe (rkm 2051.9) near the North Dakota-South Dakota border and is
hereafter referred to as Missouri River Benthic Fish Study segment 12 (segment 12;
Figure 4.1). The third study segment is located along the Kansas-Missouri border
and extends from its upper boundary at St. Joseph, Missouri {rkm 708.1) to its lower
boundary near Kansas City, Missouri (rkm 591.4) and is hereafter referred to as
Missouri River Benthic Fish Study segment 22 (segment 22; Figure 4.1).

The three segments exhibit differing levels of modification. Segment 10 is
the least altered study segment. This segment is free-flowing with a semi-natural
hydrograph, a result of the merging of the free-flowing Yellowstone River and the
Missouri River, which is regulated upriver by Fort Peck Dam. This segment is
characterized by high main channel turbidity, no major shoreline development, and
few revetment banks (rip-rap). The lack of shoreline development and revetment
banks allows the main river channel to meander naturally, which creates a diversity
of off-channel habitats. Segment 12, in contrast, exhibits fewer pre-impoundment
physical and biological characteristics. Garrison Dam and Lake Sakakawea have
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created an alluvium sink, thereby reducing the sediment load in the river below the
dam (Berkas 1995). The river below the dam is uncharacteristically clear and
natural aggradative and degradative processes have been disrupted. The dam
strongly regulates the hydrograph. Furthermore, hypolimnetic withdrawals from
Lake Sakakawea have created uncharacteristically cool water temperatures during
the summer with maximum summer temperatures approximately 9 °C cooler than
before impoundment (Everett 1989). This segment is also characterized by
numerous revetments and a high degree (25-40%) of shoreline development and
bank stabilization.

Segment 22 is the most heavily modified of the three study segments. Wing-
dams, dikes, and rip-rap have been used to form and maintain a navigation channel.
These modifications have significantly narrowed and deepened the river channel
(Sayre and Kennedy 1978), changing the depth-velocity profile and reducing the
diversity of depths, velocities, and substrates in the river (Hesse and Sheets 1993).
These structures also prevent natural meandering of the main river channel.

METHODS

Data Collection

Fish community and habitat data for this study were obtained from Missouri
River Benthic Fish Study data collected in 1997 and 1998. A stratified random
sample was used to collect fish in the three study segments where the strata were
macrohabitat types. These macrohabitats were main channel cross-over, outside
bend, inside bend, secondary channel: non-connected, secondary channel:
connected, tributary mouth (Figure 4.2). In the segments, macrohabitats served as
sampling units. In each segment, fish were collected from five randomly selected
sample units of each stratum from July through September in both 1997 and 1998.
A variety of fish capturing gears were used that sampled a wide variety of species
and sizes, thereby ensuring accurate description of the fish community in each
segment. These gears were a bag seine (10.7 m long, 1.8 m high, 1.8 m® bag, 5
mm mesh), a benthic beam trawl (2 m wide, 0.5 m high, 5.5 m long, 3.2 mm inner
bag mesh), a trammel net (22.9 m long, inner wall 2.4 m deep with 2.5 cm mesh,
outer wall 1.8 m deep with 20.3 cm mesh), an electrofishing boat (Coffelt VVP-15
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variable voltage pulsator, 5,000 W generator), a gill net (30.5 m long, 1.8 m high,
mesh sizes of 1.9 cm, 3.8 cm, 5.1 cm, 7.6 cm), and a hoop net (4.8 min length, 3.7
cm diameter mesh, finger style throat, seven fiberglass hoops, and a 15.2 m lead
attached to the first hoop made of 3.8 cm mesh). Gear selectivity and efficiency bias
among the gear types could have existed but were not evaluated empirically. A
subsample was a single gear sample.

Water depth (m), velocity (m/sec), and substrate (% silt, % sand, % gravel)
were measured at each subsample following the successful deployment and
retrieval of fish collection gears and later used to characterize segments and
segment macrohabitats (for an in-depth description of habitats, measurement of
habitat physiochemical variables, and fish collection techniques, see Sappington et
al. 1998). In macrohabitat sample units greater than 1.5 m in depth, a boat was
anchored at the proper location and current velocity was measured with the aid of
an AS5M sounding reel and hangar bar (19.1 mm x 304.8 mm). A Marsh-McBirney
Flowmate Model 2000 probe was attached to the hangar bar and lowered near
bottom with the sounding reel. A 22.7 kilogram sounding weight was used to keep
the current velocity meter probe pointed into the current and positioned directly
below the boat. Current velocity was measured to the nearest 0.1 m/sec. Water
depth was measured with a Lowrance sonar device to the nearest 0.1 m.

A bottom substrate sample was collected with an iron pipe that had one end
closed. One end of a nylon rope was attached to the open end of the pipe and the
other connected to the boat. The pipe was then dragged through the area of the
gear sample. The pipe contents were emptied onto the boat and the percentage of
silt (particle size <= 0.06 mm), sand (particle size 0.06 <= 2.0 mm), and gravel
(particle size 2.0 mm <= 16 mm) were visually estimated. Later, the geometric
mean of substrate size was calculated for each subsample (McMahon et al. 1997).

Depth, velocity, and substrate were also measured with the same devices in
shallow macrohabitat replicates at each fish collection subsample. Water column
depth and water velocity were measured with the aid of a standard wading rod at
three points along the gear sampling area. A substrate sample was collected with
the iron pipe by dragging it along the area sampled by the fish collecting gear.
Percentages of sand, silt, and gravel were then estimated from the pipe contents.
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Fish Communities

Fineness Ratio

In 1998, the standard body length and maximum body depth of 10-20 fish for
each species was measured for calculating FRs in segments 10 and 12. For
segment 22, standard body length and maximum body depth were measured for
most species from museum specimens collected from this segment in 1992 and
later housed at Sternberg Museum of Natural History (Fort Hays State University,
Hays, Kansas). For species in this segment for which there were no museum
specimens, FRs were obtained from other Missouri River segments or from the
literature (Tomelleri and Eberle 1990, Cross and Collins 1995). Bow calipers (300
mm gape) were used to measure maximum body depth for large fish, whereas dial
calipers (150 mm gape) were used to measure maximum body depth for small fish.
Standard body length and maximum body depth were recorded to the nearest 0.01
mm. For some species of fish, changes in morphology associated with ontogeny
can occur (Reis et al. 1998, Hood and Heins 2000). Therefore, plots of FR versus
standard length were constructed for most individual species to determine if FR
remained constant over a variety of fish lengths. If FR changed as fish length
increased, fish were separated into two length groups and FR computed for each of
these groups.

Mean community FR for each segment was calculated by weighting
according to relative abundances of the different species, i.e., by dividing the
number of individuals of a species by the total number of individuals for all species.
Relative abundances were calculated for all species for which FRs were obtained.
No species in any segment with a relative abundance greater than 0.1% were
excluded from analysis. Weighted FR means were then calculated for each river
segment by multiplying the relative abundance of each species by its mean ratio,
and summing for all species in the segment. Additionally, a combined weighted
mean FR was also computed for the three main channel macrohabitats (main
channel cross-over, inside bend, outside bend) in each study segment. Fish in
these three habitats were assumed to be most influenced by anthropogenic
disturbance and current velocity. Deviation of segment weighted mean FRs from
optimal (4.50) was determined by subtracting each weighted FR value from 4.50.

FRs were also computed for each macrohabitat in a segment to examine the
relationship between FR and macrohabitat physical conditions. First, the FRs for
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each macrohabitat subsample were weighted by fish relative abundance and
summed, obtaining a weighted FR for the subsample. Then, the subsample FRs
were averaged to obtain the replicate FR. Next, replicate FRs were averaged to
obtain the macrohabitat mean FR for a year. Finally, yearly FR means were
averaged for each macrohabitat type.

Variability in FR was examined using coefficient of variation (CV), the
standard deviation divided by the mean (Zar 1984). For each segment, CV was
calculated for each macrohabitat replicate in a year. Then, macrohabitat replicate
values were averaged, giving the yearly mean for each macrohabitat type. Finally,
yearly macrohabitat CV values were averaged.

Variation in FR across macrohabitat types was also computed for each
segment. CV values obtained for each macrohabitat type were averaged within
years. Finally, yearly values were averaged, yielding the CV for the segment.

Fish Composition and Heterogeneity

Community attributes are key to explaining and describing the relationship
among fish community structure, stream characteristics, and fish morphology.
Therefore, fish family and species composition, species diversity, and species
evenness were determined for each river segment.

Fish community diversity was examined in each segment by computing
measures of species heterogeneity, richness, and evenness. Species heterogeneity
in each segment was determined with the reciprocal of Simpson’s index (Williams
1964).

(4.1) D=Yp?(i=1,....,s fish species)

where D is Simpson’s index, p; is the proportion of fish species i in the community,
and Y p, = 1.0.

Fish species diversity was quantified with the equation:
(4.2) 1/D = fish species diversity

where 1/D is the reciprocal of equation (4.7) which varies from 1 to s, the number of
species in the sample.

Species richness was examined with the rarefaction method (Hurlbert 1971,
Simberloff 1972). This method was chosen over other richness measures because
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it corrects for differences in sample size. Species evenness for each segment was
computed with Smith and Wilson’s index (Smith and Wilson 1996).

(4.3) E=1 -[Zl{rr arctangent{Zi=1(loge(ni) - Z.=1(Ioge(nj)ls)z/ s}}]
where E is Smith and Wilson’s index of evenness, n; is the number of individuals in
species i in sample (i=1, 2, 3, 4,.....,8), n; is the number of individuals in species j in
sample (j=1, 2, 3, 4,......,8), and s is the number of species in the entire sample.
According to Smith and Wilson (1996), this is the best available index of evenness

because it is independent of species richness and is sensitive to both rare and
common species in the community.

Additionally, the diversity and evenness of fish among various FR categories
were examined for each segment. FR categories were classified as <3.00, 3.00-
3.49, 3.50-3.99, 4.00-4.49, 4.50-4.99, 5.00-5.49, 5.50-5.99, and >5.99.

Physical Characteristics and Fish

For this study, the physical conditions in each segment were characterized at
the macrohabitat level. Mean velocity, depth, and substrate size were computed by
first averaging subsample measurements taken at a macrohabitat replicate. Next,
replicates were averaged, giving the yearly mean for each macrohabitat type.
Finally, yearly values were averaged to obtain the overall mean depth, velocity, and
substrate size for each macrohabitat type.

Variation in depth, velocity, and substrate within and across macrohabitat
types in each segment was determined with CV. Calculation of CV for the three
physiochemical variables followed the procedures used for computing CV for FR.

Mean current velocity use and maximum current velocity use by fish were
examined for each species and for various FR categories (FR categories = <3.00,
3.00-3.49, 3.50-3.99, 4.00-4.49, 4.50-4.99, 5.00-5.49, 5.50-5.99, >5.99). Mean use
for individual species was computed using subsample observations. A subsample
taken within a macrohabitat replicate that contained at least one fish was considered
an observation for a species. These observations were averaged to obtain the
mean current velocity used by the species. Mean use for each FR category was
obtained by first computing the mean current velocity used by each species. Then,
species were placed into categories based on their FR. Finally, mean velocity
values for species in a category were averaged. The maximum current velocity
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used by a species or a FR category is the highest current velocity measured in a
subsample observation containing a species or a species from a FR category. Use
by FR categories was examined for each segment using bar plots.

Statistical Analyses

Each of the six macrohabitat types was found in each segment; however, not
all types were common enough among segments to permit statistical comparison of
their physiochemical variables and fineness ratios. Therefore, mean fineness ratio,
current velocity, depth, and substrate were compared among segments for only
main channel cross-over, outside bend, and inside bend in each segment by
performing Friedman’s analysis of variance on ranks (Friedman 1937) with
segments serving as treatments and years as blocks. The test statistic, Friedman’s
X/, is calculated as:

(4.4) X2=12/(ba(a+1)) * _R2%3b(a+1)

where b = years (blocks), a = segments (treatments), and R, = summed ranks for
each segment (i=1,..,3).

A Tukey-type muitiple comparison procedure for ranked data was performed
following a significant ANOVA (Zar 1984). Differences in FR, current velocity, depth,
and substrate variation among segments for main channel cross-over, outside bend,
and inside bend macrohabitats were also examined with Friedman's analysis of
variance on ranks (Friedman 1937).

Relations between habitat variables and fish communities were evaluated
with regression methods. Linear least-squares regression was used to examine the
relationship between FR variability and variability in physiochemical variables among
macrohabitat types. FR variability (expressed as CV) served as the dependent
variable (Y) and variability (expressed as CV) in current velocity, depth, and
substrate size served as predictor variables (X;). For each physiochemical variable,
this analysis was used to test the H,= 3, = 0, i.e., there is no linear relationship
between FR variability and variability in the physiochemical variable (current velocity,
depth, or substrate size). Multiple linear regression was also used to describe the
relationship between variability in current velocity, depth, and substrate size and FR
variability.

(4.5 Y=+ Zj=1Bjxj 4=1,...... ,n environmental variables)
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where Y is FR variability, {3, is the y-intercept, B, is the slope for each environmental
variable, and X; represents the environmental variables. This analysis was used to
test the H,= B, = B, =B, = 0, i.e., there is no linear relationship between FR
variability and variability in the physiochemical variables (current velocity, depth, or
substrate size). For multiple regression modeling, predictor variable collinearity was
examined with a correlation matrix and multicollinearity was examined by computing
variance inflation factor (Hair et al. 1995). Influential observations for best fitted
models were identified with Cook’s distance. Heteroscedasticity was examined with
residual plots and normality of the error term distribution was examined with normal
probability plots.

RESULTS

Composition and Heterogeneity of Fish Communities

Species and family composition differed greatly among the three segments.
Small native minnows (Cyprinidae), particularly flathead chub (Platygobio gracilis;
Table 4.1) were common in segment 10, constituting 55% of the fish there (Table
4.2), whereas in segments 12 and 22, minnows constituted only 3% and 27% of the
fish, respectively (Table 4.2). Goldeye (Hiodon alosoides; 16%) and native deep-
bodied suckers such as bigmouth buffalo (Ictiobus cyprinefius) and smalimouth
buffalo (/ctiobus bubulus) (Catostomidae; 17%) were also common in segment 10.
Flathead chub was also the most common fish caught in the three main channel
habitats (main channel cross-over, inside bend, outside bend) of segment 10,
constituting 37% of the catch there (Table 4.1).

Segment 12 was dominated by dorsally compressed suckers (Catostomidae)
which constituted 94% of the fish (Table 4.2). Most of these fish (91% of total fish)
were white (Catostomus commersonii) and longnose (Catostomus catostomus)
suckers less than150 mm in total length (Table 4.3). In the three main channel
habitats shoveinose sturgeon (Scaphirhynchus platorynchus) and fathead minnow
(Pimephales promelas) made up over 55% of the catch. Many native species of
Cyprinidae and deep bodied Catostomidae found in segment 10 were absent in
segment 12.
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Gizzard shad {Dorosoma cepedianum) were common in channelized
segment 22, constituting 43% of the fish there (Table 4.4). This species was absent
from both segments 10 and 12 . In addition, catfishes (Ictaluridae) were common in
segment 22, constituting 11% of the fish (Table 4.2). In the three main channel
habitats, gizzard shad and emerald shiner (Notropis atherinoides) constituted over
50% of the catch.

Species diversity, richness, and evenness differed greatly among the
segments. Species heterogeneity was highest in least altered segment 10
(1/D=6.88, equation 4.2} and lowest in segment 12 (1/D=1.67) (Table 4.5). Species
richness was similar in segments 10 (28.46) and 22 (31.72) and higher than that
found for segment 12 (15.72) (Table 4.5). Evenness was highest in segment 10
(E=0.23, equation 4.3) and lower and similar in segments 12 (E=0.17) and 22
(E=0.16) (Table 4.5).

Physical Characteristics of Segments and Habitats

Overall, segment 10 exhibited highest variability in habitat features of the
three segments. Variation in velocity (coefficient of variation = 1.40) and in depth
(1.14) when computed across all macrohabitat types was highest in segment 10.
Variation in depth across macrohabitats was lowest in segment 12 (0.95; segment
22=0.96), whereas velocity variability was lowest in segment 22 (1.15; segment
12=1.21). Segments 10 (2.46) and 12 (3.13) exhibited the highest substrate
variation. Segment 22 had the lowest variation in substrate (1.24).

Among the three segments, main channel cross-over tended to exhibit
greater depths and velocities than other macrohabitats (Tables 4.6-4.8). The
coarsest substrate was found in outside bend macrohabitat in the three segments,
with segments 22 and 12 exhibiting much coarser substrate in this habitat than
segment 10. Segment 10 tended to have the least coarse substrate when
compared with segments 12 and 22 across macrohabitat types (Tables 4.6-4.8).

Variability in depth, current velocity, and substrate differed among
macrohabitats and segments. Secondary channel: connected exhibited the highest
depth and current velocity variability of all macrohabitats in segments 10 (coefficient
of variation = 1.27) and 12 (1.00}, whereas in segment 22 the highest depth and
current velocity variability was exhibited by outside bend (1.12) and tributary mouth
(3.07) macrohabitats (Tables 4.6-4.8), respectively. Main channel cross-over
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macrohabitat tended to exhibit little variability in depth and current velocity in the
study segments.

The macrohabitats that exhibited the highest substrate variability differed
among segments. Outside bend (coefficient of variation = 0.86), main channel
cross-over (1.75), and tributary mouth (2.03) macrohabitats exhibited the highest
substrate variability in segments 10, 12, and 22, respectively (Tables 4.6-4.8).
Secondary channel: non-connected exhibited low substrate variability in all study
segments.

For most macrohabitats, mean depth, mean current velocity, and mean
substrate size differed significantly among segments (ANOVA, P<0.05; Table 4.9).
Macrohabitat depth, current velocity, and substrate size tended to differ significantly
between segment 22 and segments 10 and 12 (P<0.05), whereas segments 10 and
12 did not tend to differ significantly from one another (P>0.05) (Table 4.9).
However, inside bend current velocity (P=0.21) and main channel cross-over
substrate (P=0.72) did not differ significantly among segments. Variation in mean
macrohabitat depth, current velocity, and substrate was not significantly different
among the three river segments (Table 4.10).

Streamlining and Fineness Ratio

Fish communities in highly altered segments 12 and 22 exhibited weighted
mean FRs that were closest to optimal. Segment 12 exhibited the mean FR with the
smallest deviation from optimal computed from all six macrohabitat types (0.37), but
had the FR with the largest deviation from optimal from the three main channel
habitats (1.06). The mean FR computed from the three main channel habitats with
the smallest deviation from optimal was found for segment 22 (0.12) however, this
segment exhibited the FR with the largest deviation from optimal from afl six
macrohabitat types (0.81). For segment 10, the mean FR computed from all six
macrohabitat types and from the three main channel habitats deviated 0.42 and
0.23 from optimal, respectively.

The three segments exhibited different weighted mean FRs. Segment 12
exhibited the highest mean FR computed from all six macrohabitat types (4.87) as
well as the highest FR from the three main channel habitat types (5.56; main
channel cross-over, inside bend, outside bend). For segment 10, the mean FR
computed from all macrohabitat types was less than optimal {(4.08), but was greater
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than optimai (4.73) from the three main channel macrohabitats. Segment 22
exhibited the lowest mean FR (3.69), but had the FR closest to optimal (4.38) from
the three main channel habitats. Variation in weighted mean FRs when computed
across macrohabitat types was highest in segment 10 (0.33), second highest in
segment 22 (0.26), and lowest in segment 12 (0.25).

Weighted mean FRs in macrohabitats were highest in segment 12 and lowest
in segment 22 when identical macrohabitat types were compared across segments
(Tables 4.6-4.8). Variation in macrohabitat mean FRs foliowed this trend as well
(Tables 4.6-4.8). Variation in mean FRs in main channel cross-over, inside bend,
and outside bend macrohabitats did not differ significantly, however, among the
segments (Table 4.10) and mean FRs differed significantly only between segments
10 and 22 (Table 4.9).

Variation in FRs tended to be lowest in macrohabitats with uniform velocities
and substrates. Among macrohabitat types, variation in FRs was positively related
to variation in velocities in the three segments (segment 10, r=0.59, P=0.04;
segment 12, r=0.59, P=0.04; segment 22, r=0.81, P=0.0044). This relation existed
for substrate size in the three segments as well (segment 10, r=0.61, P=0.04:
segment 12, r=0.85, P=0.02; segment 22, r=0.85, P=0.0020) (Table 4.11). Variation
in FRs was not related to depth variation in any of the segments (P>0.10; Table
4.11). CV of substrates in a multiple regression equation explained 61% of the
variation in FRs (P=0.0084).

Streamlined fishes such as sicklefin chub (Macrhybopsis meeki), sturgeon
chub (Macrhybopsis gelida), and stonecat (Noturus flavus) that use sand-gravel
habitat with steady velocities were common in segment 10, but were absent in
segment 12 and rare in segment 22 (Tabies 4.1-4.3). These species, and other
streamlined fishes, were most commonly found in main channel macrohabitats that
exhibited the highest current velocities (main channel cross-over, inside bend,
outside bend) however, few fish of any species were captured in main channel
cross-over habitat in segments 12 and 22 (Tables 4.1-4.3). Deep-bodied, poorly
streamlined fishes, such as common carp (Cyprinus carpio), gizzard shad, and
buffalo fish (Ictiobus spp.) were common in segments 10 and 22, but not in segment
12 (Tables 4.1-4.3). These types of fish were virtually absent from main channel
cross-over habitat, which exhibited the highest current velocities, and were almost
always found in macrohabitats with low current velocities (secondary channel: non-
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connected, tributary mouth) in all segments. In segment 12, relative abundance was
low in all macrohabitats for fish exhibiting FRs less than 4.5.

The distribution of fish among FR categories was more uniform in segment
10 (E=0.70, equation 4.3) than in segments 12 (E=0.18) and 22 (E=0.16) (Figure
4.3). FR category heterogeneity was highest for segment 10 (1/D=5.65, equation
4.2) and lowest for segment 12 (1/D=1.12; segment 22, 1/D=2.56). When only main
channel cross-over, inside bend, and outside bend macrohabitats were considered,
segment 10 exhibited the highest evenness (E=0.65) (Figure 4.4) and diversity
(1/D=4.37). The lowest diversity was found for segment 22 (1/D=2.90; segment 12,
1/D=2.95), whereas the lowest evenness was found for segment 12 (E=0.07;
segment 22, E=0.18).

The highest mean and highest maximum current velocity use in the three
segments was exhibited by species such as sicklefin chub, sturgeon chub, blue
sucker (Cycleptus elongatus), and stonecat, that were optimally or nearly optimally
streamlined (FRs=4.5; Tables 4.12-4.14). However, shovelnose sturgeon also was
frequently found in habitats with high current velocities even though it possessed a
non-optimal FR (=8.5). Deep-bodied species with FRs typically below 3.5, such as
buffalo fish, river carpsucker (Carpiodes carpio), and centrarchids, tended to exhibit
the lowest mean and lowest maximum current velocity use in the three segments
(Tables 4.12-4.14). Examples of different body forms exhibited by fish captured in
this study are depicted in Figure 4.5.

In the Missouri River, body shape may impose a physical limit on the types of
habitats in which a fish can live. Mean current velocity use among FR categories
tended to be highest for fish such as sicklefin chub and sturgeon chub with FRs
greater than 4.5, whereas the lowest mean current velocity use was exhibited by fish
such as river carpsucker and common carp with FRs less than 4.0 (Figure 4.6). The
maximum current velocity used by any species in a segment was highest for fish
with near optimum FRs (Figure 4.7), and tended to be lowest for fish that exhibited
FRs below 4.0. However, the lowest maximum current velocities used in segment
22 were found for fish exhibiting FRs between 3.5-4.0 and 5.0-5.5. Fish in
segments 10 and 22 with FRs greater than 4.5 tended to use a greater diversity of
current velocities than less streamlined fish (Figures 4.8 and 4.10 ) whereas most
fish in segment 12 generally used similar, low current velocities (Figure 4.9).
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DISCUSSION

Community Fineness Ratio

When FR and physical conditions were analyzed across all habitat types, the
more natural segment 10 was characterized by higher diversities of FR, velocity, and
depth than the more altered segments 12 and 22. The observed differences in
diversities of depths, velocities, and FRs among segments are associated with
distinct differences in flow characteristics and habitat conditions. Segment 10 is
heavily influenced by the free-flowing Yellowstone River. The Yellowstone River is
characterized by a high sediment load and a natural hydrograph marked by two
flood pulses—one in March and one in June (Hesse et al. 1989). These natural river
characteristics, coupled with minimal shoreline development and revetment
structures (rip-rap), work to create a diversity of habitats and physical conditions in
segment 10. Conditions in segment 10 thus selected for a diversity of fishes, some
optimally streamlined, and some not (1/D=5.65, E=0.70). Conversely, modified river
conditions in segments 12 and 22, resulting from main channel impoundment,
channelization, and revetment structures, have reduced diversities of habitat and
physiochemical characteristics (Hesse and Sheets 1993). These habitat changes
have resulted in river segments with fish communities characterized by a reduced
diversity of body forms.

Within most macrohabitat types however, segment 22, the most highly
altered segment, was characterized by greater diversities of depths, velocities, and
FRs than altered segment 12 and less-altered segment 10 (Tables 4.6-4.8).
Scarnecchia (1988) examined the relationship between physical variables and FR in
channelized and unchannelized reaches of a small prairie stream in lowa. In his
study, fish were sampied within study sections and section physical conditions were
assessed with a transect method where conditions were measured at regular
intervals perpendicular to the flow, across habitat types. This method of describing
the physical conditions encountered by fish is difficult or impossible to employ in a
river as large as the Missouri. An approach such as the one used in this study,
where fish were sampled in habitats and the physical conditions of habitats were
characterized, is the method typically employed in large rivers. Even though
macrohabitats were not sampled in proportion to their availability in each river
segment, examining the diversity of physiochemical variables across habitat types,
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rather than conditions within habitat types, better indicates the diversity of conditions
that work to influence community FR and structure. Analysis across habitat types is
more appropriate because fish often move between different habitats as part of their
life history (Karr et al. 1982).

Among the three segments, segment 22 exhibited the community FR closest
to optimal {4.38) when the three main channel habitats were considered: when
community FR was calculated using all six habitat types, however, it exhibited the
FR furthest from optimal (3.69). This segment was dominated by the poorly
streamlined gizzard shad. In 1998, several subsamples contained over 500 shad,
heavily weighting the community FR. This species can form large schoois (Cross
and Collins 1995), which, if captured in schools, would increase its susceptibility to
oversampling. If these subsamples were removed (totaling approximately 2,500
fish), the community FR for segment 22 increased from 3.69 to the near optimal
value of 4.40.

The difference in community FRs and, in part, the differences in diversity of
velocities and depths among segments, resulted from the abundance of shallow,
low current velocity habitats. Segment 10 exhibited a sub-optimal community FR
(4.08), whereas segment 12 exhibited a community FR above optimal (4.87) and
segment 22 exhibited a near optimal community FR (4.40) if large gizzard shad
subsamples were removed. Low-velocity habitats, such as secondary channel:
connected and secondary channel: non-connected, that typically support large
numbers of sub-optimally streamlined species (FR<4.5) were much more abundant
in segment 10 than in segment 22. An abundance of these species would tend to
lower the community FR. Even though these habitats were present in segment 12,
the lack of sediment in this segment, resulting from sediment trapping by Garrison
Dam and Lake Sakakawea (Berkas 1995), probably increased the vulnerability of
many fish species to predation in these habitats and others (Everett 1999).

Streamlining and Body Form

Species which used the highest average and the highest maximum current
velocities, and which would thus be expected to be near-optimally streamlined,
nevertheless exhibited greatly different FRs. A few species common to higher
velocities, such as longnose sucker, channel catfish (/ctalurus punctatus), and blue
sucker were optimally streamlined (FR=4.5). Others, such as sicklefin chub,
sturgeon chub, and stonecat, were nearly optimally streamlined with FRs slightly




94

greater than 4.5. In contrast, the shovelnose sturgeon, which used moderate to high
current velocities in the three segments, was not optimally streamlined (FRs > 8.5).
The explanation for these greatly different morphological types inhabiting high
velocity water is suggested in an unrelated laboratory study by Webb (1989). in
that study of the ability of three benthic fish species to hold their position in the
current, two species, thornback ray (Raja clavata) and plaice (Pleuronectes
platessa), had FRs of approximately 10, while a third species, father lasher
(Myoxocephalus scorpius), exhibited a near optimal FR of 4.2. Webb (1989)
reported that two common patterns of benthic fish body form allow fish to be
proficient at station holding in current. The first form is flattened, such as plaice in
Webb’s (1989) study or shovelnose sturgeon in this study, which has high frontal lift,
but counters high lift with low frontal drag. The second form is more fusiform, such
as lasher in Webb’s (1988) study or sicklefin chub in this study, which has high
frontal drag, but counters high drag with low frontal lift.

Even though the fish studied by Webb (1989) relied heavily upon body
characteristics to hold their position, they also used a variety of behaviors such as
fin-beating and substratum grasping. Lasher, which performed poorer than plaice
over smooth substratum, performed better than plaice over rough substratum.
Lasher used their pectoral fins to grip the substratum surface, aiding in station
holding. Perhaps species such as the sicklefin chub, which possesses elongate
pectoral fins (Cross and Collins 1995) and are found in high current velocity habitats
(Everett 1999), use this same behavior to aid in holding station. Webb (1989)
further hypothesized that the capacity of a fish to hold station with a body form that
is dorso-ventrally flattened is best over a flat, smooth substratum where it can
minimize frontal fift. Adams et al. (1997) observed that shovelnose sturgeon in an
experimental swim tunnei with a smooth substratum held station through substrate
appression at current velocities exceeding 0.4 m/sec. Such behavior would explain
why shovelnose sturgeon have been found in several studies to occupy habitats
with current-swept sandy bottomns (Hurley et al. 1987, Curtis et al. 1997, Quist et al.
1999).

Two distinctly different body forms, one fusiform in shape and ancther dorso-
ventrally flattened, were exhibited by fish using high current velocities in this study.
Webb's (1989) study was an in-depth look into how current and fish morphology
interact to influence station holding ability and was conducted in a controlled
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environment. Such a laboratory study on Missouri River fishes might clarify the
mechanisms by which native species cope with changing habitats in the altered
Missouri River.

Significance

Many attempts have been made to use aspects of fish morphology to expiain
fish community structure (Hora 1922, Hubbs 1941, Gatz 1979, Mahon 1984, Pouilly
1993). However, only Scarnecchia (1988) has evaluated the relationship between
fish morphology and habitat alteration in shaping fish community structure. His
research, however, was conducted on a small stream, not a large river. Until this
study, the relationship between stream alteration and streamlining and how they
influence fish community structure in a large river had not been evaluated.

Damming and channelization of water courses acts to homogenize physical
conditions. The effects these changes have on fish communities can be numerous
and far-reaching, impacting fish growth (Orlova 1987, Beamesderfer et al. 1995),
species composition (Martinez et al. 1994, Weaver and Garman 1994, Wilde and
Ostrand 1999), and community structure (Bain et al. 1988, KubeCka and
Vostradovsky 1995, Penaz et al. 1999). In the past, research addressing the
impacts that damming and channelization have had on fish community structure has
focused on changes resulting from altered river physical conditions (Schiosser 1985,
Bain et al. 1988, Poff and Allan 1995, Reyes-Gavilan et al. 1996). However, these
studies failed to recognize that fish morphology may also play an important role in
shaping fish community structure in altered reaches. Based on results from this
study, aiterations to large rivers and fish morphology can interact to change fish
community structure.
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CHAPTER 5

Habitat Use and Habitat Niche Relations for

Three Native Cyprinids in the Missouri River Hydrosystem

ABSTRACT

In the summers of 1996-1998, sampling was conducted on the Missouri and
lower Yellowstone Rivers to determine if habitat changes caused by a mainstem
dam have influenced niche relations among three native cyprinid species—flathead
chub (Platygobio gracilis), sicklefin chub (Macrhybopsis meeki), and sturgeon chub
(Macrhybopsis gelida). The study area was located in eastern Montana and
western North Dakota and consisted of two Missouri River segments modified by a
mainstem dam (segments 8 and 10) and one Yellowstone River segment (segment
9) and one Missouri River segment (segment 5), both considered quasi-natural, with
few mainstem alterations. Niche relations differed among the three fish species
within and among segments. In all study segments, sturgeon chub and sicklefin
chub exhibited the highest niche overlap.

The most distinctive species in its habitat use was flathead chub, which was
correcily classified by habitat use more than 75% of the time in each of the four
segments. Sicklefin chub was the least distinctive species in its habitat use in all
study segments except for segment 10. The highest niche overlap among the three
species was found in segments 5 and 9 in which only 60.1% and 63.1% of
individuals were correctly classified by habitat use, respectively. In segments 10
and 8, the three species exhibited the lowest niche overlap with 84.1% and 70.1% of
individuals classified correctly, respectively. These results suggested that
interspecific niche overlap was greater in quasi-natural segments 5 and 9 than in
altered segments 8 and 10. Since segments 5 and 9 are generally environmentally

less stable in summer than segments 8 and 10, these results are interpreted to
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mean that environmental instability and resource partitioning interact in structuring
niche relations among these three cyprinids in segments 5 and 9. Present day
resource partitioning among flathead chub, sicklefin chub, and sturgeon chub in
segments 8 and 10, however, may result not from competition but from a decline in
the diversity of natural habitats and conditions which provided areas of overlap of
habitat suitable for the three species.

INTRODUCTION

Indicator species, organisms that are closely associated with specific
environmental factors (Morrison 1986), may be used as indices of environmental
conditions. Criteria for selecting indicator species were proposed by Salwasser et
al. (1982) to include rare and endangered species, species with specific habitat
requirements, and species whose habitats and populations could be monitored to
index those species with similar ecological requirements. Ideally, researchers want
to monitor the population status of a few species thereby obtaining the condition of
populations for all species (Block et al. 1987).

The concept of indicator species can be utilized within the framework of
guilds (Block et al. 1987, Bayer and Porter 1988). A guild is comprised of species
that exploit a class of environmental resources in the same or similar manner (Root
1967), or respond similarly to habitat perturbations (Szaro 1986). Effects of habitat
perturbations on a single guild member can often be extrapolated to intraguild
members (Bayer and Porter 1988). However, differences in resource use do occur
within guilds (Block et al. 1987) and if only a single member is studied, spurious
interpretation of effects of habitat perturbations on the guild can result. A more
accurate or representative assessment is made with an intraguild group of species.

The modern concept of the ecological niche was given by Hutchinson (1958)
as that portion of a multidimensional hypervolume occupied by a species, defined by
environmental conditions under which it lives and circumscribed by competition.

When two or more species use the same resource(s), competitive exclusion or
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overlap of the niche results. When the latter occurs, the degree of niche overlap
between or among species is proportional to the degree of competition for
environmental resources (Smith 1980).

A major mechanism governing resource partitioning among stream fishes is
competition (McNeely 1987). Niche distinctiveness has been used as an indicator of
the importance of competition in determining resource use in fishes (Sale 1974,
Pianka 1975, McNeely 1987). This approach has been criticized for lacking the
rigor of experimentation (Connell 1980) however, it has been useful in descriptive
studies. Several authors have shown that in unstable streams, species of minnows
(Family Cyprinidae) varied in habitat use and exhibited greater niche overlap than
when stable patterns of resource use were produced from competition (Harrell 1978,
Mathews and Hill 1980). Stream minnows in unstable habitats may function as
opportunists whose niches vary in size and structure in response to environmental
change. Opportunism has been hypothesized for other organisms as well (Wiens
1974, Wiens 1976).

The Missouri River contains segments that possess severe physical and
hydrologic modification and concomitant habitat loss (Hesse et al. 1989, Hesse and
Sheets 1993). It has been suggested that when a resource becomes scarce
animals are less selective and a resultant increase in resource use overlap among
species results (Pyke et al. 1977, Krebs et al. 1983). If, in the Missouri River,
physical and hydrologic changes coupled with habitat loss in modified stretches has
narrowed the range and quantity of resources for native fish, increased resource
and habitat use overlap could result. Other researchers, however, have found that
with declining resource availability and variability a decrease in resource use overlap
results among a group of organisms (Matthews and Hill 1980).

Benthic fish are a guild of fishes that exhibit similar resource use patterns
(Young et al. 1997). In the upper Missouri and lower Yeliowstone Rivers, three
cyprinid species of an intraguild group of benthic fishes have been shown to interact
ecologically and overlap to varying degrees in their resource use—flathead chub

(Platygobio gracilis), sicklefin chub (Macrhybopsis meeki), and sturgeon chub
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(Macrhybopsis gelida) (Werdon 1992, Grisak 1996, Everett 1999). These three
species are common in the upper Missouri and lower Yellowstone Rivers, but have
declined precipitously in abundance in the middie and lower reaches of the Missouri
River. By examining niche relations within this group of fishes, the effects of habitat
perturbations on the these and other native benthic fishes will be assessed.

The objectives of this study were to: 1) examine niche relations and habitat
use for three native cyprinids the upper Missouri and lower Yellowstone Rivers; 2)
determine if anthropogenic disturbances influence cyprinid niche relations (habitat
niche overlap) in these same river reaches.

STUDY AREA

Cyprinid habitat use and niche overlap were examined in three Missouri River
segments and in one Yellowstone River segment. The first segment of the Missouri
River extends 111.8 km from Sturgeon Island (river km (rkm) 3141.8) in western
Montana to its lower boundary of Beauchamp Coulee (rkm 3029.9) and is hereafter
referred to as Missouri River Benthic Fish Study (MRBFS) segment 5 (segment 5;
Figure 5.1). The second Missouri River segment is located in western Montana
below Fort Peck Dam, and extends 320.3 km from Wolf Point, Montana (rkm
2737.5) to the mouth of the Yellowstone River (rkm 2546.0) and is hereafter referred
to as MRBFS segment 8 (segment 8; Figure 5.1). The third Missouri River segment
is located in eastern North Dakota and extends 48.3 km from the mouth of the
Yellowstone River (rkm 2546) to the headwaters of Lake Sakakawea (tkm 2470.3)
and is hereafter referred to as MRBFS segment 10 (segment 10; Figure 5.1). The
Yellowstone River segment, hereafter referred to as MRBFS segment 9 (segment 9;
Figure 5.1), extends 114.3 km from Intake Diversion Dam near Glendive (rkm 114.3)
in western Montana to its mouth where it meets the Missouri River (Yellowstone
River km 0.0) in western North Dakota.

The four segments exhibit differing levels of modification. Segments 5 and

9 are the least altered study segments. These segments are considered quasi-
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natural because they have been subjected to few anthropogenic disturbances and
are free flowing with near natural hydrographs, main channel temperatures, and
turbidities. Segment 8, in contrast, is highly altered and exhibits fewer pre-
impoundment physical and biological characteristics. Fort Peck Dam and Fort Peck
Reservoir have created an alluvium sink which has reduced the sediment load in
segment 8 causing it to be uncharacteristically clear. Furthermore, the dam
regulates the hydrograph and hypolimnetic withdrawals from Fort Peck Reservoir
have created cool water temperatures during the summer (Young et al. 1997).
Segment 10 is less altered than segment 8. This segment has a semi-natural
hydrograph, a result of the merging of the free-flowing Yellowstone River and the
Missouri River (segment 8) which is regulated upstream by Fort Peck Dam. During
the present study, main channel water temperatures in segment 10 were 3-5 °C
warmer in summer than those in nearby segment 8. Segment 10 is also
characterized by high main channel turbidity, no major shoreline development, and
few revetment banks (rip-rap). As with segments 5 and 9, the lack of shoreline
development and revetment banks allows the main river channel to meander

naturaily which creates a diversity of off-channel habitats.
METHODS

Data Collection

Data for this research were obtained from Missouri River Benthic Fish Study
(MRBFS) data collected in 1996, 1997, and 1998. A stratified random sample was
used to collect fish in the three study segments where the strata were macrohabitat
types. These macrohabitats were main channel cross-over, outside bend, inside
bend, secondary channel: non-connected, secondary channel: connected, tributary
mouth (Figure 5.2). In the segments, macrohabitats served as sampling units. In
each segment, fish were collected from five randomly selected sample units of each
stratum from July through September in both 1996, 1997, and 1998. A variety of

fish capturing gears were used that would effectively sample the great variety of
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depths and velocities within habitats, thereby ensuring accurate description of each
species’ habitat use. These gears were a bag seine (10.7 m long, 1.8 m high, 1.8
m® bag, 5 mm mesh), a benthic beam trawl (2 m wide, 0.5 m high, 5.5 m long, 3.2
mm inner bag mesh), a trammel net (22.9 m long, inner wall 2.4 m deep with 2.5 cm
mesh, outer wall 1.8 m deep with 20.3 cm mesh), an electrofishing boat (Coffelt
VVP-15 variable voltage pulsator, 5,000 W generator), and a gill net (30.5 m long,
1.8 m high, mesh sizes of 1.9 cm, 3.8 cm, 5.1 cm, 7.6 cm). Gear selectivity and
efficiency bias may have existed but were not addressed empirically. For individual
fish, total length (mm) and weight (g) were obtained for each species. A subsample
was a single gear sample.

Water depth (m), velocity (m/sec), temperature (°C), turbidity (Nephalometric
Turbidity Units; NTU), and substrate (% silt, % sand, % gravel) were measured at
each subsample following the successful deployment and retrieval of fish collecting
gears and later used to characterize segments and segment macrohabitats. For an
in-depth description of habitats, measurement of habitat physiochemical variables,
and fish collection techniques, see Sappington et al. (1998). In macrohabitat
replicates greater than 1.5 m in depth, a boat was anchored at the proper location
and water depth was measured with a Lowrance sonar device to the nearest 0.1 m.
Current velocity was measured with the aid of an A55M sounding reel and hangar
bar (19.1 mm x 304.8 mm). A Marsh-McBirney Flowmate Model 2000 probe was
attached to the hangar bar and lowered 0.8 of the water column depth with the
sounding reel. A 22.7 kg sounding weight was used to keep the current velocity
meter probe pointed into the current and positioned directly below the boat. Current
velocity was measured to the nearest 0.1 m/sec.

Water temperature was measured with a YSI 30 temperature/conductivity
meter. The meter probe was held 1-2 feet under the water's surface and
temperature was measured to the nearest 0.1 °C. A vial sample was collected
approximately 0.5 m below the water’s surface and the turbidity of the sample was
measured with a Hach 2100P turbidity meter to the nearest 1.0 NTU.
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A bottom substrate sample was collected with an iron pipe that had one end
closed. One end of a nylon rope was attached to the open end of the pipe and the
other connected to the boat. The pipe was then dragged through the area of the
gear sample. The pipe contents were emptied onto the boat and the percentage of
silt {particle size <= 0.06 mm), sand (particle size 0.06 <= 2.0 mm), and gravel
(particle size 2.0 mm <= 16 mm) were visually estimated. Later, the geometric
mean of substrate size was calculated for each subsample (McMahon et al. 1997).

Velocity, turbidity, temperature, and substrate were also measured with the
same devices in shallow macrohabitat replicates at each fish collection subsample.
Water column depth and water velocity were measured with the aid of a standard
wading rod at three points along the gear sampling area. A substrate sample was
collected with the iron pipe by dragging it along the area sampled by the fish
collecting gear. Percentages of sand, silt, and gravel were then estimated from the
pipe’s contents.

Daily discharge mean and variability (as expressed by coefficient of variation)
for each segment was determined for twelve months and for the three month study
period and averaged to obtain the three year average for each. Daily discharge
data were obtained from the United States Geological Survey webpage
(www .waterdata.usgs.gov/nwis-w/mt.).

Analyses

Segment and Habitat Characterization

Distinctiveness of macrohabitats among segments was evaluated with a
multivariate technique. Multivariate analysis of variance (MANOVA; Johnson and
Wichern 1992) was conducted across segments and macrohabitat types, with
segment x macrohabitat combinations serving as the independent variable and
water physiochemical categories serving as the dependent variable (depth, current
velocity, turbidity, temperature, percent silt, percent sand).

(5.1) Y =U+T+ Bj +Y;+€

ijr
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where Y,; = is the r'" physiochemical variable value for macrohabitat i in segment j, M
= overall mean (level), T,= the macrohabitat i effect, Bj = the segment j effect, Yi=
interaction between macrohabitats and segments, €, are independent, normally
distributed variables, g = number of macrohabitats, b = number of segments, and n
= number of physiochemical categories.

The hypotheses used for MANOVA testing are as follows:

Ho= Y11 = Yo = .....Yi = O (there is no difference in physiochemical

characteristics among macrohabitats across segments).

H,= atleastoney, =0

The equal variance-covariance assumption was checked with the Box test
(Box 1949) and residual plots for each dependent variable was constructed to
examine homoscedasticity. Multicollinearity between dependent variables was
examined by computing the variance inflation factor. An appropriate transformation,
such as arcsine (square root (y)), log (y+1), or square root (y), was applied to
dependent variables that violated any of the assumptions (Hair et al. 1995).

Canonical analysis of variates followed a significant MANOVA (Johnson and
Wichern 1892). Canonical analysis of variates assessed the composite relationship
between multiple dependent and multiple independent variables. Through this
procedure, weighted, linear composites of dependent variables (water
physiochemical categories), called canonical variables, were derived that maximized
the difference between the independent variables (segment x macrohabitat
combinations). Those dependent variables with the highest correlations with the first
canonical variable contributed most to the separation of segment macrohabitats, as
the first canonical variable defined the greatest separation (Johnson and Wichern
1992). Mean canonical variables scores for segment macrohabitats were plotted to
examine segment differences for each macrohabitat type.

For the MANOVA, the null hypothesis tested was the equality of vectors of
means of multiple dependent variables (water physiochemical variables) across

study segments. Klecka (1975) concluded that this multivariate technique was
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robust enough that the assumptions of a multivariate normal distribution of
discriminating variables and equal variance-covariance matrices between groups
need not be rigorously met. The data were analyzed using the Statistica (Statsoft
Inc. 1997) software package.

Analysis of variance (ANOVA) procedures were used to further interpret the
canonical analysis of variates resulis.

(5.2) Yy=4+ a; + B + (C’(B)jk + €

i=1,2, ... |
1=1,2, ... . n
k=1,2,...,b

where Y;, = is a physiochemical value for observation i for macrohabitat k in
segment j, U = overall mean (level), ;= the segment j effect, B, = macrohabitat k
effect, (ap), = interaction between segments and macrohabitats, € = the error
effect associated with Y;, which is normally distributed, g = number of observations,
n = number of segments, and b = number of macrohabitats.

The hypotheses used for ANOVA testing are as follows:

H= (aB); = (aB), = .....(aB), = O (there is no difference in the

physiochemical variable among macrohabitats across segments).

H,= atleast one (af), # 0

The assumptions of a normal distribution and homogeneity of variance were
examined prior to the ANOVA. A one-way ANOVA was performed on each habitat
variable (depth, velocity, turbidity, temperature, % sand, % silt). If the F-test for
segment and macrohabitat effects was significant this would indicate that the water
physiochemical variable is different for macrohabitats among the segments, aiding
in the interpretation of which physiochemical variables are responsible for segment x
macrohabitat differences in the canonical analysis. The data were analyzed using
the SAS (SAS Institute 1990) software package.

Habitat Use

The relative abundance of the three cyprinid species (flathead chub, sicklefin
chub, sturgeon chub) was determined for each macrohabitat in each segment by
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dividing the total number of fish of a species captured in that macrohabitat by the
total number of fish of that species captured in that segment. This ratio was
computed for each year and then averaged across years to obtain the three year
average for each macrohabitat.

Categorical data modeling was also used to determine segment and
macrohabitat utilization. The data were analyzed in a two-dimensional contingency
table. The rows corresponded to macrohabitats (independent variables). The two
columns of the table represented the number of macrohabitat sample units in which
the fish species was either present or absent (dependent variables). The frequency
in the (i,j)th cell is the number of fish in the ith macrohabitat that have the jth
response (presence or absence). For the sample i, the probability of the jth
response (1)) is estimated by the sample proportion, p; = ny/n; (n is the macrohabitat
type). The vector (p) of all such proportions is then transformed into a vector of
functions, denoted by F=F(p). If T denotes the vector of true probabilities for the
entire table, then the functions of true probabilities, denoted by F(1T), are assumed to
follow a linear model.

(5.3) EL(F)=F(m)=Xp
where E, denotes asymptotic expectation, X is the design matrix containing fixed
constants, and B is a vector of parameters to be estimated.
This procedure was used to test the null hypothesis that habitat use of each cyprinid
species did not differ among the four segments. Through this analysis, log-linear
models were fit to functions of species presence (1) and absence (0) frequencies.
This analysis used maximum-likelihood estimation of parameters for the models. A
Chi-square statistic {x'?) was used to test for a significant difference in partitioning of
variance among the response functions (presence or absence) (SAS 1990).
Differences in segment and macrohabitat use for each species was examined.
Simple effects contrasts were used to further interpret macrohabitat use differences
among segments for a species (Kirk 1995).

Distinctiveness of fish species habitat use among segments was determined

with a multivariate technique. Multivariate analysis of variance (MANOVA) was
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conducted across segments and species, with segment x species combinations
serving as the independent variable and water physiochemical categories serving as
the dependent variable (depth, current velocity, turbidity, temperature, % silt, %

sand).

(94) Y;=u+T+ Bj TYit €
i=1,2, ... . g
j=1,2,.....,b
r=1,2,....,n

where Y, = is the ™ physiochemical variable value for species i in segment j, | =
overall mean (level), T,= the species i effect, [3j = the segment j effect, y; =
interaction between segments and species, €, are independent, normally distributed
variables, g = number of species, b = number of segments, and n = number of
physiochemical categories.

The hypotheses used for MANOVA testing are as follows:

Ho= Yi = Yo = -....¥x = 0 (there is no difference in physiochemical variable

use among species across segments).

H,= atleastoney, =0

The equal variance-covariance assumption was checked with the Box test
(Box 1949) and residual plots for each dependent variable was constructed to
examine homoscedasticity. Multicollinearity between dependent variables was
examined by computing the variance inflation factor. An appropriate transformation,
such as arcsine (square root (y)), log (y+1), or square root (y), was applied to
dependent variables that violated any of the assumptions (Hair et al. 1995).
Canonical analysis of variates followed a significant MANOVA. Mean canonical
variables scores for species habitat use were determined for each segment and
plotted to examine differences among segments. Analysis of variance (ANOVA)
procedures were used to further interpret the canonical analysis of variates results.

(5.5) Yg=H+a+B+(aB)+ e
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where Y,; = is the k™ physiochemical variable value for species i in segment j, U =
overall mean (level), a;= the species i effect, 3 = the segment j effect, (aB), =
interaction between species and segments, €y = the error effect associated with Y,
that is normally distributed, g = number of species, n = number of segments, and b =
number of physiochemical categories.

The hypotheses used for ANOVA testing are as follows:

Hs= (a&B),, = (@B),; = .....(aPB), = O (there is no difference in the use of the

physiochemical variables among species across segments).

H,= atleast one (af), =0
ANOVA assumptions were checked as described for the segment x macrohabitat
analysis. The data were analyzed using the SAS (SAS Institute 1990) software
package.

Habitat Niche Overlap

Habitat niche distinctiveness of each species within each segment was
examined by discriminant analysis and classification (Johnson and Wichern 1992).
Group membership was defined by species and independent variables were scores
on each physiochemical variable taken from a macrohabitat subsample in which at
least one individual of a species was found. Discriminant analysis was used to
derive new variables that best described species habitat use differences.
Classification was used to assess the predictive accuracy of the results obtained
from discriminant analysis.

Both discriminant analysis and classification have been used to describe
niche relations among fish species (Baker and Ross 1981, McNeely 1987). For
discriminant analysis, an omnibus MANOVA was used to test the null hypothesis
that no significant difference in resource use existed among species in a segment.

(5.6) Y, =u+T+¢e,



114

where Y, = physiochemical category r used by cyprinid species i, i = overall mean
(level), T,= the cyprinid species i effect, €, are independent, normally distributed
variables, g = number of cyprinid species, and n = number of physiochemical
categories used by cyprinid species i.

The hypotheses used for MANOVA testing are as follows:

H= T,=T,=...T,=0 (there is no difference in habitat use among cyprinid

species).

H,= atleastoneT # 0

Following a significant MANOVA, pairwise comparison of species habitat use
was made with Hotelling’s T? (Johnson and Wichern 1992). The discriminant
analysis for each segment derived canonical variables, each representing a
difference in habitat use (physiochemical variable use) among the three cyprinid
species. Plots of species positions on the first two canonical variables gave an
indication of niche overiap or distinctiveness among the three cyprinids. Niche
overlap was also inferred with classification analysis. Misclassification of a cyprinid
species occurred because the individual was similar to another species in its
resource use and was assigned incorrectly to this species. The more
misclassifications that occurred, the more alike the two species were in their
resource use (McNeely 1987). Therefore, in this study, niche overlap was treated
as analogous to percent miclassification (Baker and Ross 1981).

For discriminant analysis, the equal variance-covariance assumption was
checked with the Box test (Box 1949) and residual plots for each dependent variable
was constructed to examine homoscedasticity. Multicollinearity between dependent
variables was examined by computing the variance inflation factor. An appropriate
transformation, such as arcsine (square root (y)), log (y+1), or square root (y), was
applied to dependent variables that violated any of the assumptions (Hair et al.
1995).

Discriminant analysis is sufficiently robust that the multivariate normal
distribution assumption and the equal variance-covariance matrices between groups
assumption need not be rigorously met (Klecka 1975).
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RESULTS

Physical Characteristics of Segments and Habitats

Below dam segments 8 and 10 had greater depths, lower temperatures, and
finer substrates than quasi-natural segments 5 and 9 (Tables 5.1-5.4). Segment 5
exhibited the lowest turbidities among the segments. No velocity pattern among
segments was cobserved. |

Mean daily three month and twelve month discharge increased down river.
Segment 5 had the lowest mean three month discharge (318.7 m®sec) and twelve
month discharge (294.8 m®%sec) (Table 5.5). Segment 10 had the highest three
month discharge (813.8 m*/sec) and twelve month discharge (856.5 m®/sec).
Variability (as expressed by coefficient of variation) in twelve month and three month
daily discharge was highest for segments 5 (three month=53.4, twelve month=65.7)
and 9 (three month=65.0, twelve month=86.5) and lowest for segment 8 (three
month=27.0, twelve month=30.1) (Table 5.5).

Within the four segments, main channel cross-over and outside bend
macrohabitats tended to exhibit greater depths, velocities, and coarser substrates
than other macrohabitats (Tables 5.1-5.4). Secondary channel: non-connected
macrohabitat tended to exhibit lower depths and velocities and finer substrates than
other macrohabitats in all four segments. This habitat also had the highest water
temperatures. The macrohabitats with the highest and lowest turbidities varied
among the segments.

Macrohabitat physiochemical differences existed among segments
(MANOVA, Wilk's lambda=0.5434, P<0.0001). The canonical analysis of
macrohabitats derived five canonical variables, each a composite of physiochemical
variables (Table 5.6). The first two variables accounted for approximately 74% of
the macrohabitat differences among segments. Depth exhibited the largest score
(standardized canonical coefficient) on the first canonical variable (1.2512) which
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indicated that this variable was responsible for most of the macrohabitat differences
among the four segments.

Mean scores for canonical variable one plotted across macrohabitat types
indicated that segment 10 main channel cross-over and inside bend macrohabitats
and segment 5 outside bend macrohabitat were most responsible for differences
among segment macrohabitats (Figure 5.3). Mean scores were similar for the other
four macrohabitat types among the four segments.

Habitat Use

A total of 10,431 flathead chub (segment 5=2,856; segment 8=315; segment
9=6,393; segment 10=867), 416 sicklefin chub (segment 5=239; segment 8=52;
segment 9=74; segment 10=51), and 1,360 sturgeon chub (segment 5=365;
segment 8=133; segment 9=801; segment 10=61) was sampled from the four
segments. Ninety-two percent of flathead chub were captured with the bag seine,
whereas 100% of sicklefin chub and 95% of sturgeon chub were captured with the
benthic trawl. Among the four segments, most flathead chub (67-81%) were
captured in inside bend and secondary channel: connected macrohabitats which
tended to exhibit shallow depths and low to medium current velocities (Table 5.7).
In most segments, sturgeon chub catch and sicklefin chub catch were distributed
nearly evenly among main channel cross-over, inside bend, outside bend, and
secondary channel: connected macrohabitats. Seventy-three to one-hundred
percent of sturgeon chub and ninety-five to one-hundred percent of sicklefin chub
were captured in these four macrohabitat types (Table 5.7). These habitats
exhibited a variety of depths and velocities.

Flathead chub tended to use shallower depths, lower current velocities, and
finer substrates than sturgeon chub or sicklefin chub (Tables 5.8-5.10). Turbidities
and temperatures at capture sites for all three species were similar among the four
segments. The three species used finer substrates, characterized by more sand
and less gravel, in segments 8 and 10 than in segments 5 and 9. Sicklefin and
sturgeon chub tended to use slightly higher current velocities in segments 8 and 10
than in segments 5 and 9 (Tables 5.8-5.10).
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Macrohabitat use differed significantly among the four segments for flathead
chub (categorical data modeling, segment x macrohabitat interaction, ¥2=29.10,
P=0.0038), but not for sicklefin chub (x?=14.94, P=0.22) and sturgeon chub (X
*=10.12, P=0.61) (Table 5.11). Use of inside bend (x?=11.02, P=0.01), outside
bend (x?=13.46, P=0.0037), and secondary channel: non-connected (¥ 2=11.53,
P=0.0092) macrohabitats differed among the four segments for flathead chub and
were responsible for the significant interaction (Table 5.12).

Habitat use differences existed among the three species among segments
(MANOVA, Wilk’s lambda=0.8886, P<0.0001). The canonical analysis of habitat
use derived three canonical variables, each a composite of physiochemical
variables (Table 5.13). The first two variables accounted for approximately 97% of
the habitat use differences among segments. Depth exhibited the largest score
(standardized canonical coefficient) on the first canonical variable (1.0697) which
indicated that this variable was responsible for most of the habitat use differences.

Mean scores for canonical variable one plotted across segments and species
indicated that habitat use was similar for flathead chub among segments and that
sicklefin chub and sturgeon chub habitat use were most responsible for differences
among segments. Mean canonical scores for the three species were most similar in
segments 5 and 9 and least similar in segments 8 and 10 (Figure 5.4). Mean scores
for sicklefin and sturgeon chub were similar to each other in all segments, but
flathead chub scores were much lower. Similarity in habitat use thus existed
between sicklefin and sturgeon chub but not between between flathead chub and
either of the other two species.

Habitat Niche Overlap

Habitat use differences existed among the three cyprinid species (MANOVA;
segment 5, Wilk's lambda=0.7316, P<0.0001; segment 8, Wilk's lambda=0.4768,
P<0.0001; segment 9, Wilk's lambda=0.6323, P<0.0001; segment 10, Wilk’s
lambda=0.2375 P<0.0001) in each river segment. Between species pairs, habitat
use differed significantly between flathead chub and both sicklefin and sturgeon
chub (Hotelling’s T?, P<0.05) in all segments (Table 5.14). Habitat use differed
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significantly between sickiefin and sturgeon chub only in segment 10. Discriminant
analysis of cyprinid habitat use in each of the four segment derived two canonical
variables, each a composite of the physiochemical categories retained (Table 5.15).
The first canonical variable accounted for 89-99% of the habitat use differences
among the three species in any one segment. Current velocity exhibited the largest
score (standardized canonical coefficients) on the first canonical variable (current
velocity; segment 5= 0.5631, segment10= -0.6914) in segments 5 and 10 which
indicated that current velocity was responsible for most of the habitat use
differences among the three species in each of these segments (Table 5.15). Depth
exhibited the largest score (standardized canonical coefficients) on the first
canonical variable {(depth; segment 8= -0.6300, segment 9= 0.7737) in segments 8
and 9 which indicated that this variable was most responsible for habitat use
differences in these segments.

Plots of individual scores on the two cancnical variables resulted in varying
degrees of overlap among the three species habitat use in each of the four
segments (Figures 5.5-5.8). In all study segments, sturgeon chub and sicklefin chub
exhibited the highest niche overlap between any two species. In segment 5,
flathead chub, sicklefin chub, and sturgeon chub (in that order) showed
progressively decreasing use of shallow, low velocity sites with fine substrate and
increasing use of deep, high velocity sites with coarse substrate (Figure 5.5). In
segment 8, flathead chub, sicklefin chub, and sturgecn chub (in that order) showed
progressively decreasing use of deep, high current velocity sites with coarse
substrate and increasing use of shallow, low current velocity sites with fine substrate
(Figure 5.6). Flathead chub, sicklefin chub, and sturgeon chub showed the
preceding order of decreasing use of deep sites with coarse substrate and
increasing use of shallow sites with fine substrates in segment 9 (Figure 5.7). In
segment 10, the three species exhibited a pattern similar to that found in segment 8
(Figure 5.8). Overall, niche overlap for the three species was highest in segment 5

and 9 and lowest in segmenis 8 and 10.
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The species that was most distinctive in its habitat use was flathead chub
which was correctly classified by habitat use over 75% of the time in each of the four
segments. Sicklefin chub was the least distinctive species in all study segments
except segment 10 (Table 5.16). The highest niche overlap among the three
species was found in segments 5 and 9 in which only 60.1% and 63.1% of
individuals were correctly classified, respectively. In segments 10 and 8, the three
species exhibited the lowest niche overlap with 84.1% and 70.1% of individuals
classified correctly, respectively (Table 5.16). The higher niche overlap in segments
5 and 9 than in segments 8 and 10 may be related to higher overlap between
flathead chub and the remaining species. Flathead chub was misclassified (by
percentage) as sturgeon chub (segment 5=50.0%, segment 9=26.2%) and sicklefin
chub (segment 5=49.3%, segment 9=10.0%) most often in segments 5 and 9 (Table
5.16). Flathead chub was classified correctly most often in segment 10 (96.0%) and
least often as sicklefin chub (0.0%) and sturgeon chub (12.2%) in segments 10 and
8, respectively.

DISCUSSION

Habitat Use

Differences in habitat use between flathead chub and both sturgeon chub
and sickiefin chub are consistent with results reported elsewhere. For example, |
found that flathead chub used shallower, slower-moving water, whereas sicklefin
chub sturgeon chub both used habitats that were deeper and faster moving. Grisak
(1996) collected most flathead chub from shallow peripheral zone habitat (mean
depth=0.58 m, mean velocity=0.32 m/sec) and most sicklefin and sturgeon chub
from deep-water zone habitat (mean depth=2.94 m, mean velocity=0.61 m/sec) in
the Missouri River, Montana. In smaller rivers and streams, however, Werdon
(1992) reported that flathead chub and sturgeon chub utilized similar shallow-water
habitat. Although some sturgeon chub were captured in shallow, low velocity habitat

in this study, most were captured in deep habitat with high velocities. Deep habitats
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with high velocities were probably absent in smaller streams considered by Werdon
(1992).

In the upper Missouri and lower Yellowstone Rivers, Everett (1999) found that
habitat use differed significantly between sicklefin and sturgeon chub with sturgeon
chub using faster, deeper water with coarser substrate than sicklefin chub, which
contradicts findings in this study for depth and velocity utilization. Like Everett
(1999), this study found that sturgeon chub used coarser substrate than sicklefin
chub. Perhaps sturgeon chub can survive in habitats that exhibit a variety of depths
and velocities, but coarse substrate is essential for survival. Substrate may be the
most important habitat variable within a particular range of depths and velocities and
sturgeon chub favor habitat with coarse substrate within this range.

Habitat Niche Overlap

Main channef habitats (main channel cross-over, outside bend, inside bend,
and secondary channel: connected) in quasi-natural segments 5 and 9 were
shallower and exhibited lower velocities than altered segments 8 and 10. Above
segments 8 and 10, Fort Peck Dam acts as a sediment trap, preventing downstream
transport of sediment from upper reaches and results in downcutting and deepening
of the main channel and its habitats (Leopold et al. 1964). Before mainstem
alteration, the Missouri River channel was characterized by a high diversity of
depths and velocities (Hesse and Sheets 1993). Today the main channel in many
altered river sections has been converted into a trapezoidal shape, leaving the main
channel devoid of habitats characterized by shallow and intermediate depths and
tow velocities.

Fort Peck Dam also influences the river hydrograph in segments 8 and 10.
After closure of Fort Peck Dam in 1940, mean monthly discharge has increased
from its historical level by as much as 404 m®/sec in February and decreased by as
much as 614 m*/sec in June. The dam has also lowered flow variability in below
dam river segments (Hesse and Sheets 1993). Variability in daily flow was much
lower in below-dam segments 8 and 10 then in segments 5 and 9 in this study.

During summer, river discharge can increase or decrease by as much as 50 percent
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over a seven-day period in segments 5 and 9. Flow changes of this magnitude are
virtually absent in altered segments 8 and 10 during this time period.

Differences in the physical characteristics between segments 5 and 9 and
segments 8 and 10 can be attributed to Fort Peck Dam. Segment differences in
habitat niche overlap among flathead chub, sicklefin chub, and sturgeon chub may
be associated with loss of main channel habitats that are characterized by shallow
and intermediated depths and low velocities. In the present study, sicklefin and
sturgeon chub exhibited high overlap in their use of deep, high velocity habitat in all
study segments. Everett (1999) also found that sicklefin and sturgeon chubs were
frequently captured together in habitats that were deep and exhibited high current
velocities. Most differences between segments 5 and 9 and segments 8 and 10 in
habitat niche overlap among the three species resulted from habitat use differences
between flathead chub and sturgeon chub, not between either of these two species
and sicklefin chub. In quasi-natural segments 5 and 9, sturgeon chub and flathead
chub exhibited higher overlap in their use of shallow, low velocity habitat than was
exhibited between the two species in altered segments 8 and 10. Werdon (1992)
also found that flathead chub and sturgeon chub overlapped in their use of this
habitat. A loss of shallow habitats that provided conditions suitable for both flathead
chub and sturgeon chub would cause a decrease in overtap between these two
species. A loss of shallow, low velocity habitats from downcutting of the main
channel in segments 8 and 10 would explain the low habitat niche overlap found
between sturgeon chub and flathead chub in these altered segments.

High flow variability has been shown to influence niche relations among
fishes in small streams. McNeely (1987) hypothesized that in upstream reaches of
an Ozark stream high niche overlap within a cyprinid community was related to high
flow variability and high fluctuation of other environmental variables and that niche
overlap was lower among cyprinids in the more environmentally stable lower
reaches. Further, McNeely (1987) determined that high environmental stability
allowed competition to shape resource use among stream cyprinids in the absence

of high environmental instability. A similar hypothesis was suggested by Schlosser
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(1982). An absence of high environmental instability in altered segments 8 and 10
resulting from a dam controlled hydrograph, may have allowed competition to
reduce niche overlap among the three cyprinid species. In the present study,
however, insufficient information exists to determine if competition plays a role in

shaping resource use among sicklefin chub, sturgeon chub, and flathead chub.
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CONCLUSION

It was concluded (in Chapters 2-5) that habitat changes in segments of the
Missouri River have altered the fish community composition and the ecology of
many native fish species. Many of these conclusions were arrived at through
compiex statistical analyses. Strong evidence linking river alteration to changes in
the native fish community can be found in the state of North Dakota in the two North
Dakota segments (segments 10 and 12, Chapter 4, Figure 4.1). The segments are
separated by Garrison Dam and 286.5 km of impounded Missouri River (Lake
Sakakawea). Prior to the closure of Garrison Dam (in December 1953), these two
river segments were connected and probably contained very similar fish
communities. Today, these two segments exhibit greatly different physical
characteristics and fish communities.

Segment 10 is considered pseudo-natural as it retains some natural Missouri
River characteristics. This segment is free-flowing with a semi-natural hydrograph, a
result of the merging of the free-flowing Yellowstone River and the Missouri River,
which is regulated upriver by Fort Peck Dam. This segment is also characterized by
high main channel turbidity, no major shoreline development, and few revetment
banks (rip-rap). The lack of shoreline development and revetment banks allows the
main river channel to meander naturally, which creates a diversity of off-channel
habitats.

Segment 12, in contrast, is a highly altered segment and exhibits fewer pre-
impoundment physical and biological characteristics. Garrison Dam and Lake
Sakakawea have created an alluvium sink, thereby reducing the sediment load in
the river below the dam. The river below the dam is uncharacteristically clear and
natural aggradative and degradative processes have been disrupted. The dam
strongly regulates the hydrograph. Furthermore, hypolimnetic withdrawals from
Lake Sakakawea have created uncharacteristically cool water temperatures during
the summer with maximum summer temperatures approximately 9 °C cooler than
before impoundment (Chapter 4, page 81). This segment is also characterized by
numerous revetments and a high degree (25-40%) of shoreline development and
bank stabilization (Chapter 4, page 81).

The fish communities of the two segments differed greatly. Small native
minnows (Cyprinidae), particularly flathead chub (Platygobio gracilis; Table 4.1),
were common in segment 10 in 1997 and 1998, constituting 55% of the fish there
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(Table 4.2). Three other native minnow species, sicklefin chub (Macrhybopsis
meeki), sturgeon chub (Macrhybopsis gelida), and western silvery minnow
(Hybognathus argyritis), were also frequently captured in segment 10 (Chapter 3,
Table 3.2; segment 10 referred to as below confluence segment). In segment 12,
minnows constituted only 3% of the fish (Table 4.2). No flathead chub, sicklefin
chub, sturgeon chub, or western silvery minnow were captured in segment 12.
Native deep-bodied suckers such as bigmouth buffalo (ictiobus cyprinelius) and
smailmouth buffalo (/ctiobus bubulus) (Catostomidae; 17%) were common in
segment 10 (Chapter 4, Table 4.1) however, native suckers were nearly absent from
segment 12. The fish community in segment 12 was dominated by two suckers,
white sucker (Catosfomus commersonii) and longnose sucker (Catostomus
catostomus), which represented 91% of the fish catch (Chapter 4, Table 4.3).
These two species are not considered to be members of the native Missouri River
fish fauna and are most often found in rivers and streams that are characterized by
cool water temperatures and low turbidities (Chapter 2, page 29).

The very different fish communities in segments 10 and 12, strongly suggests
that habitat alterations, such as those caused by mainstem dams, have had a
significant impact on the native Missouri River fish fauna. Natural river conditions,
such as those found in segment 10, appear to be essential for sustainable
populations of many native Missouri River fishes.
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Figure 1.1. The Missouri River basin (thick broken line).
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Figure 2.1. Map depicting study segments and location within Missouri River basin (GOS=Garrison-Oahe
segment, YSS=Yellowstone-Sakakawea segment).
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Figure 2.2. Location of macrohabitats in a typical Missouri River segment.

Outside Bend

Secondary Channel: Non-
Connected

. _
o Maiﬁ’QhanneI
Cross-Dver

*
...-"

Inside Bend

Thalweg

Secondary Channel: Connected

LEL



Figure 2.3. Explanatory diagram for interpretation of feeding strategy, niche width contribution, and prey importance
(modified Costello method, Amundsen et al. 1996). BPC=between phenotype component to niche width,
WPC=within phenotype component to niche width.
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Figure 2.4. Graphs depicting feeding strategy and prey importance for YSS Catostomid species (for
explanation of prey code, consult Tables 2.1-2.6).
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Figure 4.2. Location of macrohabitats in a typical Missouri River segment.
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Figure 4.3. Relative abundance of fineness ratio categories in study segments.
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Figure 4.6. Mean current velocity used by fineness ratio categories in study segments.
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Figure 4.9. Current velocity use by fineness ratio categories in segment 12.
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Figure 4.10. Current velocity use by fineness ratio categories in segment 22.
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Figure 5.1. Map depicting location of study segments in the Missouri and Yellowstone Rivers.
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Figure 5.2. Location of macrohabitats in a typical Missouri River segment.
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channel: non-connected).
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Figure 5.5. Ellipses enclosing 70% of individuals of each cyprinid species in segment 5 plotted on
canonical variables I (1) and Ul (II) (FH=flathead chub, SF=sicklefin chub, SG=sturgeon chub).
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canonical variabies | (1) and Il (II) {(FH=flathead chub, SF=sicklefin chub, SG=sturgeon chub).
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canonical variables | (1) and |l (Il) (FH=flathead chub, SF=sicklefin chub, SG=sturgeon chub).
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APPENDIX B. TABLES



Table 2.1. Relative abundance of prey items (%; equation 2.4) in sucker stomachs in YSS (BM=bigmouth buffalo, RC=river
carpsucker, SH=shorthead redhorse, SM=smallmouth buffalo).

Prey ltems
Fish
Species N|J CY CA BS DP CD NA LP S OS CH TR PD CP PS CX AD EP AG EB TY DT WM Sb

BM 68}51.3 0.8 299 78 01 02 05 10 <01 76 - - - - 09 - - - - - - - <01
RC 74| 370 05 380 92 42 15 06 <01 0.7 64 - - - - - <01 - - - 18 - - 0.1
SH 421118 - 167 38 20 - - - - 472170 02 14 - - - - - - - - - -

SM 92] 516 0.9 150 24 7.8 <01 <01 - 16 182 - - 0.1 <01 0.1 <0.1 <0.1 - 01 - - 01 1.0

(CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA=Nauplius larvae, LP=Leptidoridae,
Si=Sididae, OS=0stracoda, CH=Chironomidae larvae, TR=Trichoptera larvae, PD=pupae diptera, CP=Chironomidae pupae,
PS=Simuliidae pupae, CX=Corixidae, AD=adult diptera, EP=Ephemeroptera larvae, AG=filamentous green algae,
EB=Fubranchipus spp., TY=Thysanoptera, DT=ocrganic detritus, WM=water mite, SD=s5eed).
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Table 2.2. Percent surface area of prey items (equation 2.3) in sucker stomachs in YSS (BM=bigmouth buffalo, RC=river
carpsucker, SH=shorthead redhorse, SM=smallmouth buffalo).

Prey ltems
Fish
Species N] CY CA BS DP cD NA LP St 0S8 CH TR PD CP PS CX AD EP AG EB TY DT wM SD

BM 68]45.2 09 258 106 0.1 <01 15 06 <01 133 - - - - 20 - - - - - - - <01
<0.1
RC 74]31.8 0.9 328 151 36 06 07 <01 06 11.8 - - - - - 01 - - - 20 - - -
SH 42 71 - 56 28 04 - - - - 572 2562 13 05 - - - - - - - - - -
SM 921376 06 119 3.6 3.9 <01 <01 . 1.1 38.8 - - g1 04 041 <01 <01 <01 01 - 0.0 <01 05

(CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA=Nauplius larvae, LP=Leptidoridae,
Sl=8ididae, OS=0stracoda, CH=Chironomidae larvae, TR=Trichoptera larvae, PD=pupae diptera, CP=Chironomidae pupae,
PS=Simuliidae pupae, CX=Corixidae, AD=adult diptera, EP=Ephemeroptera larvae, AG=filamentous green algae,
EB=Eubranchipus spp., TY=Thysanoptera, DT=organic detritus, WM=water mite, SD=seed).
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Table 2.3. Frequency of occutrence of prey items (counts; equation 2.5} in sucker stomachs in YSS (BM=bigmouth buffalo,
RC=river carpsucker, SH=shorthead redhorse, SM=smalimouth buffalo).

Prey items
Fish
Species N| CY CA BS DP CD NA P Si OS8 CH TR PD CP PS CX AD EP AG EB TY DT WM SD

BM 68]76.5 11.8 676 38.2 59 59 59 29 29 204 - - - - 29 - - - - - - - 29
RC 74| 86.4 11.4 72.7 591 273 159 23 23 114 295 - - - - - 23 - - - 23 - - 2.3
SH 42146.2 - 46.2 154 231 - - - - 923 538 7.7 154 - - - - - - - - - -

SM 92| 94.3 136 51.1 296 398 1.1 11 - 148 546 - - 34 11 23 11 11 - 1.1 - - 23 10.2

(CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA=Nauplius larvae, L P=Leptidoridae,
S|=Sididae, OS=0stracoda, CH=Chironomidae larvae, TR=Trichoptera larvae, PD=pupae diptera, CP=Chironomidae pupae,
PS=simuliidae pupae, CX=Corixidae, AD=adult diptera, EP=Ephemeroptera larvae, AG=filamentous green algae,
EB=Eubranchipus spp., TY=Thysanoptera, DT=organic detritus, Wh=water mite, SD=seed).
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Table 2.4. Relative abundance of prey items (%; equation 2.4) in sucker stomachs in GOS (BK=blue sucker, LN=longnose
sucker, RC=river carpsucker, SH=shorthead redhorse, WS=white sucker).

Prey Hems

Fish

Species N| CY CA BS DP CD NA LP SI OS CH TR PD CP PL CX AD AG TD DT DM EP LC CT
BK 10] - - - 28 - - - - - 733 54 - 09 - - - 17.7 - - - - - -
LN 74| 0.1 <01 <01 1.9 <C1 - - <01 . 180 04 - 0.5 - - 01764 - 08 19 . - -
RC 84|47.2 16 63 41 85 27 <01 05 1.8 203 0.2 01 0.2 041 01 03 27 11 02 02 01 03 07
SH 46] 2.5 - 22 0.3 35 - - 06 - 806 28 - 27 - - - 36 01 03 - - - -
ws 71 9.2 06 16 22 55 - 1.0 21 02444 1.0 - 53 01 - 02155 - 8.2 24 - - 0.1

(CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA=Nauplius larvae, LP=Leptidoridae,
Sl=Sididae, OS=0stracoda, CH=Chironomidae larvae, TR=Trichoptera larvae, PD=pupae diptera, CP=Chironomidae pupae,
PL=Plecoptera larvae, CX=Corixidae, AD=adult diptera, AG=filamentous green aigae, TD= Tardigrada, DT=organic detritus,
DM=diatoms, EP=Ephemeroptera larvae, L.C=leech, CT=Ceratopogonidae).
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Table 2.5. Percent surface area of prey items (equation 2.3) in sucker stomachs in GOS (BK=biue sucker, LN=longnose sucker,
RC-=river carpsucker, SH=shorthead redhorse, WS=white sucker).

Prey Iltems

Fish

Species N| CY CA BS DP CD NA LP S OS CH TR PD CP PL CX AD AG TD DT DM EP LC CT
BK 0] - - - 22 - - - - . 728 77 - 04 - - - AT0 - - - . . .
LN 74| 00 00 00 19 00 - - 00 - 399 01 - 14 - - 01542 - 05 18 - - -
RC 84|344 24 47 74 47 12 01 02 14 351 02 04 01 01 00 04 36 09 00 01 00 00 -
SH 6] 11 - o5 01 05 - - 10 - 877 69 - 32 - - - 00 00 00 - - - 00
WS 71| 54 01 02 13 19 - 04 45 00618 19 - 67 02 - 03 98 - 42 12 - - 041

(CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA=Nauplius larvae, LP=Leptidoridae,

Si=Sididae, OS=0stracoda, CH=Chironomidae larvae, TR=Trichoptera larvae, PD=pupae diptera, CP=Chironomidae pupae,
PL=Plecoptera larvae, CX=Corixidae, AD=adult diptera, AG=filamentous green algae, TD= Tardigrada, DT=organic detritus,
DM=diatoms, EP=Ephemeroptera larvae, LC=leech, CT=Ceratopogonidae).
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Table 2.6. Frequency of occurrence of prey items (counts; equation 2.5) in sucker stomachs in GOS (BK=blue sucker,
I.N=longnose sucker, RC=river carpsucker, SH=shorthead redhorse, WS=white sucker).

Prey ltems

Fish

Species N] CY CA BS DP CD NA LP SI 0S8 CH TR PD CP PL CX AD AG TD DT DM EP LC
BK 101 - - - 167 - - - - - 833500 - 167 - - - B3 - - - - -
LN 74] 56 - - 3.7 19 - - 19 - 944 19 - 407 - - 19 80.7 - 19 111 - -
RC 84189.7 206 441 353 427 162 - 15 235 647 29 15 44 15 15 44 44 59 15 15 15 15
SH 461 16.7 - 83 4.2 167 - - 42 - 958 208 - 42 - - - 42 42 42 - - -
WS 71|31.0 48 7.1 167 19.0 - 2.4 167 24 929 238 - 429 24 - 4.8 238 - 24 282 - -

{CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA=Nauplius larvae, LP=Leptidoridae,
SI=Sididae, OS=0stracoda, CH=Chironomidae larvae, TR=Trichoptera larvae, PD=pupae diptera, CP=Chironomidae pupae,
PL=Plecoptera larvae, CX=Corixidae, AD=adult diptera, AG=filamentous green algae, TD= Tardigrada, DT=organic detritus,
DM=diatoms, EP=Ephemeroptera larvae, L.C=leech, CT=Ceratopogonidae).
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Table 2.7. Electivity of prey items (equation 2.7) for suckers in YSS (BM=bigmouth buffalo, RC=river
carpsucker, SH=shorthead redhorse, SM=smallmouth buffalo).

Prey ltems
Pelagic Benthic

Fish

Species CY CA BS DP CD NA LP Sl CX] ¢CH T CP 0S8 EP CT EB CO
BM 0.08 -0.37 0.23 <0.01 0.01 0.01 ©.02 0.01 0.10]{-057/ - -0.03 0.01<0.01 006 - -015
RC 0.08 <0.01 0.13 -0.01 0.05 -0.25 0.01 <0.01 <0.01}-0.51 - .0.02 -0.14 -0.02 002 - 0.0
SH 0.29 0.01 -0.15 <0.01 -0.02 -0.22 - - - 0.13 011 015 - - 001 - -
SM 0.27 001 007 -0.01 013 -0.48 <0.01 - <001{-0.32 . -0.02 -0.10 - -0.05 0.01 0.15

{CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA= nauplius larvae,
LP=Leptidoridae,S|=Sididae, CX=Corixidae, CH=Chironomidae larvae, TR=Trichoptera larvae, CP=Fupae
Chironomidae, OS=0stracoda, EP=Ephemeroptera larvae, CT=Ceratopogonidae, EB=Eubranchipus spp.,
CO=Chaoboridag}.
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Table 2.8. Electivity of prey items (equation 2.7} for suckers in GOS (LN=Ilongnose sucker, RC=river carpsucker,
SH=shorthead redhorse, WS=white sucker).

Prey ltems
Pelagic Benthigc

Fish

Species CY CA BS DP CD NA LP SI CX] CH TR CP PL OS PS LB EP CT
LN -0.41 002 003 013 - 023 - - -0.08] 0.76 0.23 0.08 - - 022 - - -
RC 0.16 -0.01 0.07 -0.04 0.27 -0.27 -0.16 050 0.08] 0.04 0.04 -0.09 -0.04 007 - -0.13 -0.01 -0.13
SH 0.26 -0.07 0.05 -0.04 0.25 031 0.20 - -013] 0.41 013 0.04 - - 0.04 - - 0.00
Ws 0.28 0.01 010 0.14 0.07 0.23 002 005 - 0.30 0.17 014 0.03 - - - - 0.04

(CY=Cyclopoida, CA=Calanoida, BS=Bosminidae, DP=Daphnidae, CD=Chydoridae, NA= nauplius larvae,
LP=Leptidoridae,SI=Sididae, CX=Corixidae, CH=Chironomidae larvae, TR=Trichoptera larvae, CP=Pupae
Chironomidae, PL=Plecoptera Larvae, OS=0stracoda, PS=Simuliidae pupae, LB=Libellulidae, EP=Ephemeroptera
larvae, CT=Ceratopogonidae).
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Table 2.8. Food niche overlap (R,, equation 2.71) for sucker species in the YSS.

‘Fish Species Bigmouth Buffalo___River Carpsucker __Shorthead Redhorse
River Carpsucker 0.94

Shorthead Redhorse 0.56 0.55

Smallmouth Buffalo 0.87 0.86 0.74

Table 2.10. Food niche overlap {Ro, equation 2.77) for sucker species in the GOS.

Fish Species Longnose Sucker  River Carpsucker _Shorthead Redhorse
River Carpsucker 0.49

Shorthead Redhorse 0.70 0.79

White Sucker 0.72 0.80 0.74
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Table 2.11. Standardized coefficients of the YSS food categories on the three canonical variables.

Food Category Canonical Variahle | Canonical Variable Il Canonical Variable il
Cyclopoida 0.1687 0.5377 -0.2662
Bosminidae 0.0460 -0.1540 -0.6330
Daphnidae -0.0009 -0.2986 -0.5572
Chironomid Larvae 0.7845 0.6580 -0.6279
Chydoridae -0.0104 0.3654 -0.8818
Trichoptera Larvae 0.9515 -0.2968 -0.1508
Ostracoda 0.2079 -0.2536 -0.3529

Table 2.12. Standardized coefficients of the GOS food categories on the three canonical variables.

Food Category Canonical Variable | Canonical Variable Il Canonical Variable lll
Cyclopoida 0.4691 -0.4437 0.0518
Bosminidae 0.2882 -0.2295 -0.0711
Daphnidae 0.0082 -0.2558 0.0183
Chironomid Larvae 0.0040 -0.0142 -0.5417
Chydoridae 0.3227 -0.2874 0.1233
Filamentous Algae -0.6912 -0.6664 -0.0681
Chironomid Pupae -0.2023 0.3208 0.4589
Trichoptera Larvae 0.0223 0.2623 -0.3084

Organic Detritus 0.0351 0.2068 0.6807




Table 3.1. Species composition and relative abundance in main channe! (trawl subsamples=72) and channel border

in the ACS (seine subsamples=24).

CATCH

Species Channel Border Main Channel Relative
- Habitat Habitat Total Abundance (%)

Flathead chub, Platygobio gracilis 136 2 138 54.8
Sturgeon chub, Macrhybopsis gelida 5 22 27 9.7
Sicklefin chub, Macrhybopsis meeki 0 23 23 9.1
Emerald shiner, Notropis atherinoides 10 0 10 7.2
River carpsucker, Carpiodes carpio 10 0 10 34
Shorthead redhorse, Moxostoma macrolepidotum 2 0 2 3.2
Western silvery minnow, Hybognathus argyritis 18 0 18 2.3
Channel caffish, letalurus punctatus 1 4 5 2.1
Goldeye, Hiodon alosoides 5 0 5 2.1
Sauger, Stizostedion canadense 3 0 3 1.9
Spottail shiner, Nofropis hudsonius 2 0 2 0.8
Unidentified Sfizostedion 10 0 10 0.7
White sucker, Catosfomus commersonii 1 0 1 0.6
Stonecat, Noturus flavus 3 0 3 0.6
Shovelnose sturgeon, Scaphirhynchus platorynchus 2 0 2 0.6
Piains minnow, Hybognathus placitus 5 0 5 0.4
Common carp, Cyprinus carpio 1 0 1 0.2
Total 214 51 265 100%
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Table 3.2. Species composition and relative abundance in main channel (trawt subsamples=72) and channel border

in the BCS (seine subsamples=24).

CATCH

Species Channel Border Main Channel Relative
- - Habitat Habitat Total Abundance (%)

Flathead chub, Platygobio gracilis 725 0 725 85.1
Western silvery minnow, Hybognathus argyritis 168 1 169 9.8
Sicklefin chub, Macrhybopsis meeki 3 48 49 86
Channel catfish, lctalurus punctatus 19 0 19 59
Sturgeon chub, Macrhybopsis gelida 7 20 27 1.9
Goldeye, Hiodon alosoides 12 0 12 1.3
Unidentified Stizostedion 11 0 11 0.9
River carpsucker, Carpiodes carpio 104 0 104 0.9
Bigmouth buffalo, /ctiobus cyprinellus 12 0 12 0.7
Plains minnow, Hybognathus placitus 10 0 10 0.7
Sauger, Stizostedion canadense 5 0 5 0.6
Shovelnose sturgeon, Scaphirhynchus platorynchus 1 7 8 06
Spottail shiner, Notropis hudsonius 3 0 3 0.5
Northern pike, Esox lucius 3 a 3 05
Smallmouth buffalo, lctiobus bubalus 69 0 69 04
Brassy minnow, Hybognathus hankinsoni 2 0 2 0.2
Walleye, Stizostedion vitreum 2 0 2 0.1
Emerald shiner, Notropis atherinoides 2 0 2 0.1
Fathead minnow, Pimephales promelas 3 0 2 0.1
Freshwater drum, Aplodinotus grunniens 3 0 3 0.1
Longnose sucker, Catostomus catostomus 1 0 1 0.1
Stonecat, Nofuris flavus 0 2 2 0.1
White bass, Morone chrysops 1 0 1 <0.1
Total 1166 76 1241 100%
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Table 3.3. Species composition and relative abundance in main channel (trawl subsamples=72) and channel border

in the MZS (seine subsamples=24).

CATCH

Species Channel Border Main Channel Relative
i} Habitat Habitat Total  Abundance (%)

Fiathead chub, Plafygobio gracilis 123 2 125 32.7
Goldeye, Hiodon alosoides 70 0 70 14.2
Sicklefin chub, Macrhybopsis meeki 0 28 28 7.4
River carpsucker, Carpiodes carpio 30 0 30 7.2
Channel catfish, Ictalurus punctatus 16 14 30 6.5
Emerald shiner, Nofropis atherinoides 38 0 38 6.3
Western silvery minnow, Hybognathus argyritis 29 2 31 5.9
Stonecat, Noturus flavus 0 15 15 47
Unidentified Stizostedion 12 0 12 3.1
Sturgeon chub, Macrhybopsis gelida 3 6 9 22
Shovelnose sturgeon, Scaphirhynchus platorynchus 0 7 7 2.0
Bigmouth buffalo, lctiobus cyprinelius 3 0 3 1.4
Freshwater drum, Apfodinotus grunniens 4 0 4 1.2
Northern pike, Esox lucius 3 0 3 1.2
Spottail shiner, Notropis hudsonius 7 0 7 1.2
Sauger, Stizostedion canhadense 5 0 5 1.0
Fathead minnow, Pimephales promelas 4 0 4 0.3
Smalimouth buffalo, lctiobus bubalus 4 0 4 0.3
Pallid sturgeon, Scaphirhynchus albus 0 1 1 0.3
Plains minnow, Hybognathus placitus 2 0 2 0.3
Shorthead redhorse, Moxostoma macrolepidotum 1 0 1 0.2
Comman carp, Cyprinus carpio 1 0 1 0.2
Longnose sucker, Cafostomus catostomus 1 0 1 0.2
Total 356 75 431 100%
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Table 3.4. Species composition and relative abundance in main channel (trawl subsamples=72) and channel border
in the YRS (seine subsamples=24).

CATCH

Species Channel Border Main Channel Relative
- Habitat Habitat Total Abundance (%)
Flathead chub, Platygobio gracilis 609 14 623 46.4
Goldeye, Hicdon alosoides 104 0 104 15.8
Sturgeon chub, Macrhybopsis gelida 9 83 92 12.1
Channel caffish, Ictalurus punctatus 11 61 72 9.8
Sicklefin chub, Macrhybopsis meeki 9 38 47 58
Stonecat, Nofurus flavus 29 0 29 2.5
Western siivery minnow, Hybognathus argyritis 40 2 42 2.2
River carpsucker, Carpiodes carpio 44 0 44 1.6
Shovelnose sturgeon, Scaphirhynchus platorynchus 0 5 5 1.1
Smallmouth buffalo, lctiohus bubalus 21 0 21 1.0
Spottail shiner, Notropis hudsonius 1 0 1 0.7
Sauger, Stizostedion canadense 4 0 4 0.3
Unidentified Stizostedion 2 0 2 0.2
Longnose dace, Rhinichthys cafaractae 0 1 1 0.2
Fathead minnow, Pimephales promelas 2 0 2 0.2
Plains minnow, Hybognathus placitus 2 0 2 0.1
Burbot, Lota fota 1 0 1 0.1
Comimon carp, Cyprinus carpio 1 0 1 0.1
Bigmouth buffalo, /ctiobus cyprinelius 1 0 1 0.1
Emerald shiner, Notropis atherincides 1 0 1 <0.1

Total 891 204 1095 100%
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Table 3.5. Species diversity measures for the four study segments. The rarefaction estimates are
based on a sample of 200 fish. (ACS=above confluence segment, BCS=below confluence segment,
MZS=mixing zone segment, YRS=Yellowstone River segment).

Segment —_—
Species Diversity Measures ACS BCS MZS YRS
Heterogeneity
Reciprocal of Simpson's Index 3.05 2.14 6.48 425
(1/D, equation 3.4)
Richness
Rarefaction Method 14.63 13.48 18.23 11.82
standard deviation 0.32 1.64 1.44 1.28
Evenness
Smith and Wilson's Index 0.32 0.22 0.26 0.16

(E, equation 3.5)
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Table 3.6. Catch-per-unit-effort for fish species captured with the benthic trawl in main channel habitat (MC) and the bag seine in channel border habitat (CB) in
the four study regions {catch expressed as number/100 m2 in MCH and number/m2 in CB; ACS=above confluence study segment, BCS=below confluence study
segment, MZS=mixing zone study segment, YRS=Yellowstone River study segment).

STUDY SEGMENT
ACS BCS MZS YRS
HABITAT
L

SPECIES cB MC CB MC cB MC CB MC
STURGEONS, ACIPENSERIDAE

Pallid sturgegn <0.1

Shovelnose sturgeon <0.1 <0.1 <0.1 0.1 <0.1
MOONEYES, HIODONTIDAE

Goldeye 0.3 03 2.0 <0.1 2.4
PIKES, ESOCIDAE

Northern pike 0.1 0.1
CODS, GADIDAE

Burbot <0.1
MINNOWS, CYPRINIDAE

Brassy minnow 0.1

Common carp <0.1 _ <0.1 <0.1

Emerald shiner 0.4 <0.1 0.8 <0.1

Fathead minnow <0.1 0.1 0.1

Fiathead chub 4.4 <0.1 204 <0.1 4.1 <0.1 18.0 <0.1

Longnose dace <0.1

Plains minnow 0.2 0.3 01 0.1

Sicklefin chub 0.2 0.1 0.3 02 0.4

Spottail ghiner 0.1 <0.1 <0.1 0.2 0.0

Sturgeon chub 0.1 0.1 0.2 0.2 0.1 <0.1 0.3 0.7

Western silvery minnow 0.6 4.4 <0.1 1.1 <0.1 1.1 <0.1
SUCKERS, CATOSTOMIDAE

Bigmouth buffalo 0.4 0.1 <0.1

Longnose sucker <0.1 <01

River carpsucker - 0.5 1.0 1.5 <0.1 1.2

Shorthead redhorse 0.2 <0.1

Smalimouth buffale 0.2 0.1 0.6

White sucker <0.1
BULLHEAD CATFISHES, ICTALURIDAE

Channel catfish 0.1 <0.1 0.1 0.1 0.5 0.1 0.3 0.6

Stonecat <0.1 <0.1 0.1 0.3
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Table 3.6. Continued.

STUDY SEGMENT
ACS BCS MZS YRS
HABITAT

SPECIES CB MC CB MC CB MC CB MC
__
TEMPERATE BASSES, PERCICHTHYIDAE

White bass 0.0
PERCHES, PERCIDAE

Sauger 0.1 0.1 0.1 <0.1 0.1

Unidentifiable Stizosfedion spp. 0.2 0.3 0.4 0.1

Walleye 0.0
DRUMS, SCIAENIDAE

Freshwater drum 0.1 0.1
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Table 3.7. Physiochemical characterization (mean, range, standard deviation(SD)) of channel border habitat.

Segment
Physiochemical Variable Above Below Mixing Yellowstons
Confluence Confluence Zone River
Mean Depth (m) 04 0.3 0.5 0.5
Range 0.2-0.7 0.1-0.8 0.2-0.8 0.2-0.9
SD 0.2 0.2 0.2 0.2
Mean Current Velocity {m/s) 0.2 0.1 0.2 0.1
Range 0.0-0.4 0.0-0.4 0.0-0.4 0.0-0.5
SD 0.1 0.1 0.1 0.1
Mean Turbidity (NTU) 144.3 179.4 183.5 167.0
Range 57.0-306.0 38.0-326.0 21.0-423.3 30.0-673.0
sSD 77.8 93.0 126.9 160.4
Mean Temperature (Celsius) 20.2 21.4 220 21.7
Range 18.4-23.0 16.3-25.4 18.1-25.5 17.8-24.5
SD 1.5 25 2.4 1.8

Substrate Composition (%)

Silt 66.8 37.3 68.7 38.3
Sand 332 62.4 31.2 61.7
Gravel 0.0 0.3 0.1 0.0
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Table 3.8. Physiochemical characterization {mean, range, standard deviation(SD)) of main channel habitat.

Segment
Physiochemical Variable Above Below Mixing Yellowstone
Confluence Confluence Zone River
Mean Depth (m) 3.7 3.9 54 40
Range 1.2-6.2 0.9-7.2 2.3-85 21862
SD 1.2 1.5 1.6 1.2
Mean Current Velocity (m/s) 1.0 1.1 1.1 0.9
Range 0.6-1.7 0.5-1.5 0.4-1.7 0.5-1.2
sD 0.2 0.2 0.3 0.2
Mean Turbidity (NTU) 122.0 188.9 239.4 224 1
Range 46.0-423.0 41.0-522.0 24.0-969.0 21.0-605.0
sD 93.4 113.0 266.9 200.9
Mean Temperature (Celsius) 19.0 209 21.0 218
Range 13.9-21.5 16.3-25.4 15.1-27.6 18.1-24.5
SD 2.0 2.1 29 1.8

Substrate Composition (%)

Silt 6.6 <Q.1 5.3 2.7
Sand 914 97.2 91.0 90.9
Gravel 1.9 2.5 3.7 6.4
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Table 3.9. Results of canonical analysis of variates and ANOVA performed on main

channel habitat physiochemical data.

Water Canonical Canonical Canonical Probability
Physiochemical Variable | Variable I| Variable Il Value for
Category ANOVA F-test
Depth -0.9808 0.5062 0.1755 0.0001
Velocity 0.3862 -1.0538 0.5950 0.0001
Turbidity -01773 0.3926 0.0638 0.1145
Temperature -0.3730 -0.8016 -0.5918 0.2195
Percent Silt 0.1584 0.4280 0.1035 0.0001
Percent Sand 0.2853 -0.0961 -0.0548 0.0001

Table 3.10. Results of canonical analysis of variates and ANOVA performed on
channel border habitat physiochemical data.

Water Canonical Canonical Canonical Probability
Physiochemical Variable | Variable Il Variable Il Value for
Category ANOVA F-test
Depth 0.8003 -0.5134 -0.6702 0.0087
Velocity -0.5474 0.4682 -0.2191 0.6913
Turbidity -0.0231 0.3412 0.1542 0.7798
Temperature 0.5679 -0.4578 0.7251 0.0991
Percent Silt 0.2761 0.7803 0.5028 0.0073
Percent Sand -0.2909 -0.1241 0.1083 0.0136
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Table 3.11. Resulis of species presencefabsence canonical analysis of variates and ANOVA
performed on physiochemical variables.

Species Canonical Analysis Probability Value for
Environmental Variable Standardized Coefficients ANOVA F-est

Flathead Chub*
Depth/Veloctiy Principal Component -0.9283 0.0001
Turbidity (NTU) 0.0338 0.3744
Temperature (°C) 0.0175 0.0628
Percent Silt 0.2691 0.0001
Percent Sand 0.0272 0.0001
Invertebrate Drift (number/liter) 0.0666 0.2954
Discharge (m°/sec) 0.1996 0.8518

Sicklefin Chub*
Depth/Veloctiy Principal Component -0.5430 0.0007
Turbidity (NTU) -0.1186 0.0626
Temperature (°C) -0.4181 0.0167
Percent Silt 1.0382 0.0001
Percent Sand 0.7180 0.0002
Invertebrate Drift (numberfliter) -0.0868 0.3820
Discharge (m*/sec) 0.6711 0.0023

Sturgeon Chub*
Depth/Veloctiy Principal Component -0.1001 0.9823
Turbidity (NTU) -0.1278 0.2397
Temperature (°C) -0.0270 0.9076
Percent Siit -1.0895 0.0351
Percent Sand -0.6679 0.0675
invertebrate Drift (numbet/liter) -0.0058 0.3977
Discharge (m®%/sec) -0.8731 0.0001

Western Silvery Minnow*

Depth/Veloctiy Principal Component -0.9782 0.0001
Turbidity (NTU) 0.0602 0.2950
Temperature {°C) -0.1942 0.9305
Percent Silt 0.0605 0.0001
Percent Sand -0.0752 0.0001
Invertebrate Drift (number/liter) -0.0653 0.5257
Discharge (m%/sec) 0.0837 0.4731

Asterisk (*) next to species indicates significant Wilk's Lambda for presence/absence MANOVA
bold indicates significance at £<0.05




Table 3.12. Model equations for characterizing habitat where flathead chub, sicklefin chub, sturgeon chub,

and western silvery minnow were present (1, number, or CPUE) or absent (0) (pc=principal component).

Species Model Equation R?  P-value
Logistic Regression

Flathead Chub Log odds of fish presence=-1.6079-2.0391(depth/velocity pc) <0.0001

Sicklefin Chub Log odds of fish presence=-1.3714+0.56901(temperature)+0.4063(% sand)- <(.0001
0.9228(discharge)+0.6121(depth/velocity pc)

Sturgeon Chub Log odds of fish presence=-1.2986+0.3113(% sand}-1.0122(discharge) <0.0001

Western Silvery Minnow Log odds of fish presence=-2.5772-1.3660(depth/velocity pc)+ <0.0001
0.0392(% sand)
Poisson Regression

Sicklefin Chub Log number of fish=-0.8321-2.3174(current velocity)+0.1404(temperature) 032 <0.0001

Sturgeon Chub Log number of fish=2.4702-0.0001(discharge)+0.0228(% gravet)-0.0021 0.55 <0.0001
(turbidity)-0.8707(current velocity)

Western Silvery Minnow Log number of fish=-5.1597+0.0321(effort)-6.398C(current velocity)+0.0293 0.43  <0.0001
{%sand)+0.0053(benthic invertebrate density)
Linear Least-squares Reqression

Flathead Chub Fish catch-per-unit-effort=0.1370-0.3350(current velocity)+0.0003(turbidity)+  0.47  <0.0001

0.0021(% sand)+0.000982(benthic invertebrate density)
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Table 3.13. Predictive success of logistic models developed for flathead chub, sicklefin chub, sturgeon chub,

and western silvery minnow.

Predicted
Flathead
Chub Present Absent
Present 27 3
(90%) (10%)
Observed
Absent 0 30
{0%) {100%)
Percent classified correctly 95%
Predicted
Sturgeon
Chub Present Absent
Present 17 13
(57%) (43%)
Observed
Absent i4 16
(47%) (53%)
Percent classified correctly 55%

Predicted
Sicklefin
Chub Present Absent
Present| 21 9'
(70%) {30.0%)
Observed
Absent 3 27
(10%) (20%)
Percent classified correctly 80%
Predicted
Western
Silvery Present Absent
Minnow
Present 29 1
(97%) (3%)
Observed
Absent 1 19
(37%) (63%)
Percent classified correctly 80%
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Tabie 3.14. Results of canonical analysis of variates and ANOVA performed on
flathead chub, sicklefin chub, sturgeon chub, and western silvery minnow habitat
use data. A significant F-test for a physiochemical variable indicates differential use
of the variable among the four species.

Water Canonical Canonical Canonical Probability
Physiochemical Variable | Variable Il Variable 1!l Value for
Category ANOVA F-test
Depth -0.1851 -0.4651 -0.9243 0.0001
Velocity -0.6854 0.6082 0.6310 0.0001
Turbidity -0.0594 0.4293 0.0862 0.1145
Temperature 0.0952 0.6362 -0.5245 0.2195
% Silt 0.4587 0.2542 -1.2828 0.0001
% Sand 0.1001 -0.2883 -1.4582 0.0001




Table 4.1. Species relative abundance (rel. abun.) as a fraction of 1.00 in segment 10 macrohabitats (CHXO=main channel cross-over,
ISB=inside bend, OSB=outside bend, SCC=secondary channel: non-connected, SCN=secondary channel: connected, TRM=tributary
mouth}.

MACROHABITAT
SPECIES CHXO ISB 0SB scc SCN TRM Total Combined Combined
Rel. Abun. All Rel. Abun.
Macrohabitats CHXO, ISB, OSB

STURGEONS; ACIPENSERIDAE

Shovelnose sturgeon, Scaphirhynchus platorynchus 0.18 013 0.33 0.05 0.31 1.00 0.01 0:04
MOONEYES; HIODONTIDAE

Goldeye, Hiodon alosoides 0.01 0.08 0.15 0.26 0.43 0.08 1.00 016 0.16
PIKES; ESOCIDAE

Northern pike, Esox fucius 0.04 0.07 0.09 0.76 0.04 1.00 0.0z <0.01
CODS; GADIDAE

Burbot, Lofa fofa 0.00 0.85 0.03 0.09 003 1.00 0.01 0.04
MINNOWS; CYPRINIDAE

Common carp, Cyprinus carpio 0.03 0.03 0.32 0.13 0.46 0.03 1.00 0.02 oM

Common carp < 150 mm, Cyprinus carpio 0.03 0.04 0.93 1.00 0.10 0.0t

Emeraid shiner, Notropis athefincides 014 0.41 0.07 0.37 0.01 1.00 0.03 0.08

Flathead chub, Platygobio graciiis 0.01 0.43 0.08 0.43 <0.01 0.05 1.00 0.24 0.37

Sicklefin chub, Macrhybopsis meeki 0.18 0.18 0.55 0.05 0.05 1.00 0.0 0.03

Spotiail shiner, Notropis hudsonius 0.06 0.63 0.19 0.13 1.00 0.01 0.01

Sturgeon chub, Macrhybopsis gefida 0.05 0.57 0.29 0.10 1.00 0.01 0.03

Western siivery minnow, Hybognathtis argytitis 0.25 0.06 0.862 0.05 0.03 1.00 0.13 0.07
SUCKERS; CATOSTOMIDAE

Bigmouth buffalo, lctiobus cyprinelius 0.06 0.08 085 1.00 0.10 0.01

River carpsucker, Carpiodes carpio 0.85 0.15 1.00 0.0

River carpsucker < 150 mm, Carpiodes carpic 015 0.28 0.48 0.08 1.00 0.0 0.0

Shorthead redhorse, Moxostoma macrolepidotum 0.15 0.08 0.76 1.00 0.01 <0.01

Smalimouth buffalo, /ctobius bubalus 1.00 1.00 0.01

Smalmouth buffalo < 150 mm, fcfobius bubalus 0.36 0.23 0.41 1.00 0.03 0.03
BULLHEAD CATFISHES; ICTALURIDAE .

Channel catfish, /cfalurus punctatus 0.04 0.10 0.23 0.37 0.27 1.00 0.04 0.04

Stonecat, Nottirus flavits 0.05 0.05 .90 1.00 0.01 0.02
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Table 4.1. Continued.

MACROHABITAT
SPECIES CHXO ISB 0SB SCC SCN TRM Total Combined Combined
Rel. Abun, All Rel. Abun.
Macrohabitats CHXO, ISB, 08B
PERCHES; PERCIDAE
Sauger, Sfizostedion canadense 0.64 0.03 0.33 1.00 0.02 .04
Walleye, Stizosfedion vifreum 0.21 0.79 1.00 0.0t <0.01
Yellow perch, Perca flavescens 0.29 014 0.29 0.29 1.00 <0,01 <0.01
SUNFISHES; CENTRARCHIDAE
White crappie, Pomoxis annulatis 013 0.88 1.00 0.01 <0.01
DRUMS; SCIAENIDAE
Freshwater drum, Aplodinotus grunniens 0.00 0.22 0.78 1.00 <0.01 <0.01
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Table 4.2. Family relative abundance as a fraction of 1.00 in the study segments.

SPECIES Segment 10 Segment 12 Segment 22

STURGEONS; ACIPENSERIDAE 0.01 0.01 0.02

GARS; LEPISOSTEIDAE 0.01

HERRINGS; CLUPEIDAE 0.43

MOONEYES; HIODONTIDAE 0.16 0.01 0.01

SALMON, TROUT, WHITEFISH; SALMONIDAE <0.01

SMELT; OSMERIDAE <0.01

PIKES; ESOCIDAE 0.02 <0.01

CODS; GADIDAE 0.01 <0.01

MINNOWS; CYPRINIDAE 0.55 0.03 0.27

SUCKERS; CATOSTOMIDAE .17 0.94 0.05

BULLHEAD CATFISHES; ICTALURIDAE 6.05 <0.01 0.11

PERCHES; PERCIDAE 0.03 0.01 <0.01

TEMPERATE BASSES; PERCICHTHYIDAE 0.01

SUNFISHES; CENTRARCHIDAE 0.01 0.03

DRUMS; SCIAENIDAE <0.01 0.07
Total 1.00 1.00 1.00
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Table 4.3. Species relative abundance (rel. abun.) as a fraction of 1.00 in segment 12 macrohabitats (CHXO=main channel cross-over,
1SB=inside bend, OSB=outside bend, SCC=secondary channel: non-connected, SCN=secondary channel: connected, TRM=tributary

mouth).
MACROHABITAT
SPECIES CHXO ISB 0SB sCC SCN TRM Total Combined Combined
Rel. Abun. All Rel. Abun.
Macrohabitats CHXO, ISB, OSB
STURGEONS; ACIPENSERIDAE
Shovelnose sturgeon, Scaphirhynchus platorynchus 0.55 0.16 0.18 0.02 0.02 0.06 1.00 0.1 0.24
MOONEYES; HIODONTIDAE
Goldeye, Hiodon alosoides 032 0.68 1.60 0.01
SALMON, TROUT, WHITEFISH; SALMONIDAE
Ciscoe, Coregonus artedi 0.50 0.50 1.00 <0.01 0.01
SMELT; OSMERIDAE
Rainbow smelt, Osmerus mordax 0.07 0.21 0.57 014 1.00 <0.01 0.05
PIKES; ESOCIDAE
Northern pike, Esox lucius 0.17 0.67 017 1.00 <0.01
CODS; GADIDAE
Burbot, Lota lota 0.25 0.75 1.00 <0.0 0.02
MINNOWS; CYPRINIDAE
Comman carp, Cyprinits carpio 017 0.02 0.48 0.33 1.00 0.1 0.05
Emerald shiner, Notropis atherinoides 1.00 1.00 <0.01
Fathead minnow, Fimephales promelas 0.09 0.80 0.05 0.03 0.02 1.00 0.01 0.32
Spottail shiner, Nofropis hudsoniiis 0.33 0.67 1.00 <0.01
SUCKERS; CATOSTOMIDAE
Bigmouth buffalo, leticbus cyprinelius 1.00 1.00 <0.01
Blue sucker, Cyclepius elongatus 1.00 1.00 <0.01
Longnose sucker, Cafostomus catostomus 0.33 0.13 0.47 0.07 1.00 <0.01 0.04
Longnose sucker < 150 mm, Catosfoinus cafostomus <0.01 0.54 0.46 1.00 0.75 0.08
River carpsucker, Carpiodes carpio 0.06 0.12 0.05 044 0.33 1.00 o 0.04
Shorthead redhorse, Moxostoma macrolepidotum 0.18 0.35 0.47 1.00 <0.01 0.0
White sucker, Cafostormus commersonii 0.10 0.13 0.33 0.05 0.39 1.00 <0.01 0.02
White sucker < 150 mm, Catostomus commersonii 0.02 0.09 0.89 <0.01 1.00 0.16 0.12
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Table 4.3. Continued.

MACROHABITAT
SPECIES CHXO ISB 0SB sCC SCN TRM Total Combined Combined
Rel. Abun. All Rel. Abun.
Macrohabitats CHXQO, ISB, OSB
BULLHEAD CATFISHES; ICTALURIDAE
Channel catfish, lctalurus punctafus 0.48 052 1.00 <0.01
PERCHES: PERCIDAE
Johnny darter, Etheostoma nigriim 1.00 1.00 <0.01
Sauger, Stizosfedion canadense 0.20 0.80 1.00 <0.01
Walleye, Stizostedion vitreum 0.03 0.09 0.13 0.75 1.00 <0.01 0.02
Yellow perch, Perca flavescens 0.83 0.17 1.00 <0.01
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Table 4.4. Species relative abundance (rel. abun.) as a fraction of 1.00 in segment 22 macrohabitats (CHXO=main channel cross-over,
ISB=inside bend, OSB=outside bend, SCC=secondary channel; nen-connected, SCN=secondary channel: connected, TRM=tributary
mouth).

MACROHABITAT
SPECIES CHXO ISB 0SB scc SCN TRM Total Combined Combined
Rel. Abun. All Rel. Abun.
Macrohabitats CHXO, 1SB, 0SB

STURGEONS; ACIPENSERIDAE

Shovelnose sturgecn, Scaphirhynchus plaforynchus 1.00 . 1.00 0.02 0.04
GARS; LEPISOSTEIDAE

Longnose gar, Lepisosteus osseus 019 0.81 1.00 <0.M1 <0.01

Shortnose gar, Lepisosfeus platostomus .18 0.17 0.65 1.00 0.01 <0.01
HERRINGS; CLUPEIDAE

Gizzard shad, Dorosoma vepedianum 0.13 0.03 <0.01 0.11 a.72 1.00 0.43 0.23
MOONEYES; HIODONTIDAE

Goldeye, Hiodon alosoides 0.03 0.05 0.06 0.04 0.81 1.00 0.01 <0.01
MINNOWS; CYPRINIDAE

Creek chub, Semofilus atromaculatus 1.00 1.00 <0.01 <0.01

Common carp, Cyprinus carpio 0.15 0.21 0.10 0.54 1.00 0.02 0.02

Common carp < 150mm, Cyprinus carpio 0.07 0.71 0.21 1.00 <0.01 <0.M

Emerald shiner, Notropis atherincides 0.43 0.44 0.07 0.01 0.06 1.00 0.13 0.28

Fathead minnow, Pimephales promelas 0.67 0.33 1.00 <0.01 <0.01

Flathead chub, Platygobio gracilis 0.75 0.25 1.00 <0.01 <0.01

Goldfish, Carassius auratus 1.00 1.00 <0.01 <0.01

Grass carp, Ctenopharyngodon idelius 1.00 <0.01 <0.01

Hybognathus spp. 0.49 0.10 <0.01 0.34 0.07 1.00 0.08 0.08

Red shiner, Cyprinella lufrensis 0.08 0.30 0.01 0.60 1.00 0.0 0.02

River shiner, Notropis blennius 0.60 0.24 0.02 0.14 1.00 0.01 0.02

Sand shiner, Notropis ludibundus 0.29 0.45 0.27 1.00 <0.01 <0.01

Sicklefin chub, Macrhybopsis meeki 0.83 0.17 1.00 <0.01 <0.01

Silver chub, Macrhybopsis storeriana 0.52 0.13 0.13 0.22 1.00 0.01 0.01

Sturgeon chub, Macriiybopsis gelida 0.07 0.46 0.39 0.07 1.00 <0.01 <0.01
SUCKERS; CATOSTOMIDAE

Bigmouth buffalo, Ictiobus cyprinelfus 1.00 1.00 <0.01

Blue sucker, Cycleptus elongatts 0.72 0.28 1.00 <0.M 0.01

Golden redhorse, Moxostoma erythrurum 1.00 1.00 <0.M
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Table 4.4. Continued.

MACROHABITAT
SPECIES CHXO ISB 0SB sCC SCN TRM Total Combined Combined
Rel. Abun. All Rel. Abun.
Macrohabitats CHXO, I1SB, OSB
SUCKERS; CATOSTOMIDAE
Highfin carpsucker, Carpiodes velifer 1.00 1.00 <0.01
Quillback, Carpiodes cyprinus 0,50 0.07 043 1.00 <0.01 <00
River carpsucker, Carpiodes carpio 018 023 059 1.00 0.02 <0.01
River carpsucker <150 mm, Carplodes carpio 037 0.04 0.20 0.40 1.00 0.01 0.01
River redhorse, Moxostoma carinatum 1.00 1.00 <0.01
Smallmouth buffalo, |ctobius bubalus 0.25 Q.75 1.00 <0.01 <0.01
BULLHEAD CATFISHES; ICTALURIDAE
Blue catfish, Ictalurus furcatus 0.01 0.51 0.48 1.00 0.0t 0.01
Channel catfish, ictalurus punctatus <0.01 0.52 0.26 .03 0.18 1.00 007 0.14
Flathead catfish, Pylodictis olivaris 0.08 0.86 0.01 0.04 1.00 0.02 0.04
Slender madtom, Noturus exilis 1.00 1.00 <0.01 <0.01
Stonecat, Noturus flavus 0.50 0.38 013 1.00 <0.01 <0.01
PERCHES; PERCIDAE
Sauger, Stizostedion canadense 0.03 0.21 018 0.58 1.00 <0.01 <0.01
Walleye, Stizosfedion vitreum 1.00 1.00 <0.01
TEMPERATE BASSES; PERCICHTHYIDAE
White bass, Morone chrysops 0.41 0.09 o 0.39 1.00 0.01 <0.01
SUNFISHES; CENTRARCHIDAE
Black crappie, Pomoxis higromaciilatus 0.40 0.60 1.00 <0.01
Bluegill, Lepomis macrochirus 0.04 0.07 0.18 0.71 1.00 0.0
Green sunfish, Lepomis cyanelius 002 0.58 0.01 0.39 1.00 0.01 0.0
Largemouth bass, Micropterus salmoides 002 014 025 0.59 1.00 <0.01 <0.01
Orangespotted sunfish, Lepomis humilis 022 0.03 0.32 0.42 1.00 0.01 <001
White crappie, Pomoxis anhulatis 050 0.19 0.31 1.00 <0.01 <0.01
DRUMS; SCIAENIDAE
Freshwater drum, Aplodinotis grunniens 0.19 0.26 0.03 0.52 1.00 007 0.04
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Table 4.5. Species diversity measures for the three study segments (rarefaction

estimate based on a sample of 1000 individuals).

Segment
Species Diversity Measures 10 12 22
Heterogeneity
Reciprocal of Simpson's index 6.88 1.67 5.69
(1/D, equation 4.2}
Richness
Rarefaction method 28.46 15.72 31.72
Evenness
Smith and Wilson's index 0.23 0.17 0.18

(E, equation 4.3}
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Table 4.6. Fineness ratio and physiochemical characterization (mean, range, coefficient of variation (CV)) for segment 10 macrohabitats.
(CHXO=main channel cross-over, |ISB=inside bend, OSB=outside bend, SCC=secondary channel: connected, SCN=secondary channel;

non-connected, TRM=tributary mouth).

Macrohabitat
Variable CHXO IS8 0SB SCC SCN TRM
Fineness Ratio 5.54 4.80 4.93 4.29 3.55 4.75
Range 3.00-7.85 2.75-7.85 3.00-7.85 2.90-7.85 2.75-7.83 2.90-7.85
cv 0.14 0.14 0.14 0.08 0.08 0.00
Mean Depth (m) 4.55 2.76 3.51 0.83 1.07 3.64
Range 3.3-6.73 0.55-4.23 2.16-5.63 0.19-3.36 0.67-1.78 3.34-3.94
CcvV 0.25 0.59 0.29 1.27 0.31 0.00
Mean Current Velocity (m/sec) 112 0.84 0.73 0.26 0.01 0.64
Range 0.92-1.38 0.15-1.3 0.60-0.89 0.08-0.78 0.00-0.05 0.61-0.68
cv 0.15 0.55 0.15 1.04 0.71 0.00
Geometric Mean of Substrate {mm) 1.56 0.96 1.94 0.60 0.04 0.83
Range 1.03-5.31 0.11-1.30 0.78-8.44 0.14-0.98 0.03-0.05 0.80-0.86
CcvV 0.94 1.31 1.69 0.73 0.08 0.00
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Table 4.7. Fineness ratio and physiochemical characterization (mean, range, coefficient of variation (CV)) for segment 12 macrohabitats.
(CHX0O=main channel cross-over, ISB=inside bend, OSB=outside bend, SCC=seccndary channel. connected, SCN=secondary channel:

non-connected, TRM=tributary mouth).

Macrohabitat

Variable CHXO ISB 0SB SCC SCN TRM
Fineness Ratio 5.85 5.39 4.49 4.89 4.00 4.08

Range 2.86-7.84 4.50-7.84 2.86-7.84 2.86-7.84 2.86-7.84 2.86-7.84

Ccv 0.13 0.26 0.29 0.03 0.25 0.06

Mean Depth (m) 3.08 1.74 3.19 0.55 1.21 2.27

Range 1.69-4.53 0.27-3.27 1.95-4.91 0.12-2.72 0.42-1.79 1.64-2.86

cv 0.21 0.75 0.16 1.00 0.27 0.10

Mean Current Velocity {m/sec) 1.05 0.68 0.84 0.15 0.01 0.04
Range 0.84-1.80 0.16-1.60 0.59-1.38 0.03-0.23 0.00-0.04 0.00-0.09

Ccv 0.21 0.69 0.18 0.95 0.00 1.02

Geometric Mean of Substrate (mm) 5.59 1.42 11.21 0.67 0.06 0.07
Range 1.03-25.54 1.01-3.43 0.86-34.55 0.03-1.03 0.03-0.11 0.03-0.12

Cv 1.75 0.41 1.18 0.51 0.51 0.77
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Table 4.8, Fineness ratio and physiochemical characterization {mean, range, coefficient of variation (CV)} for segment 22 macrohabitats.
{CHXO=main channel cross-over, 1SB=inside bend, 0SB=outside bend, SCC=secondary channel: connected, SCN=secondary channel:
non-connected, TRM=tributary mouth).

i Macrohabitat
Variable CHXO ISB 0sB SCC SCN TRM
Fineness Ratio 4.51 4,99 412 3.93 3.75 3.94
Range 2.97-5.63 2.14-10.44 2.14-6.36 - 2.14-9.69 2.90-10.44
cv 0.21 0.33 0.22 - 0.50 0.50
Mean Depth (m) 6.08 2.19 1.32 0.48 0.75 1.29
Range 4.50-7.50 1.65-5.94 3.47-5.60 - 0.70-0.87 0.56-3.66
cv 0.21 0.82 1.12 - 0.26 0.81
Mean Current Velocity (m/sec) 1.67 0.38 0.46 0.34 0.07 0.07
Range 1.30-1.83 0.25-0.80 1.01-1.44 - 0.00-0.16 0.00-0.27
Ccv 0.14 0.84 0.72 - 1.45 3.07
Geometric Mean of Substrate (mm) 1.12 9.93 28.83 0.09 0.03 0.24
Range 1.03-1.24 8.80-13.09 1.04-52.10 - 0.03-0.03 0.03-1.53
cv 0.06 0.30 0.43 - 0.00 2.03
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Table 4.9. Results of ANOVA and multiple comparison testing of segment fineness ratio and physiochemical variables
measured in main channel cross-over {CHXQ), inside bend {{SB), and outside bend (OSB) macrohabitats.

ﬁesuits of omnibus **?-Results of multiple comparison testing
#ANOVA
Macrohabitat Segment

Physiochemical Variable p-value X2 10 12 22
Mean Depth (m) *CHXO <0.0001 40.05 12,22 10,22 10,12

*|SB 0.0403 7.10 22 12
*0SB 0.0005 35.47 22 22 10,12
Mean Current Velocity (m/sec) *CHXO <0.0001 39.86 22 22 10,12

IS8 0.2141 460 ~ ~ ~
08B 0.0005 35.46 22 22 10,12

Geomefric Mean of Substrate CHXO 0.7209 1.90 ~ ~ ~
*1SB 0.0005 39.80 22 22 10,12
“*OSB <0.0001 41.07 22 22 10,12

Mean Fineness Ratio *CHXO 0.0428 7.01 22 10

ISB 0.4790 2.70 ~ ~ ~

0sB 0.5606 2.55 ~ ~ ~

*Tukey-type multiple comparison {est was performed on ranks.

*Tukey-type multiple comparison test for unequal sample sizes was performed on ranks.
**a segment is significantly different from segments whose number is below it.
***Friedman's Analysis of Variance performed on ranks.

~multiple comparison test was not performed.

probabilities in bold are significant at the 0.05 level (P <0.05)

probabilities that are underlined are significant at the 0.01 level (P<0.01)
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Table 4.10. Results of ANOVA testing of segment fineness ratio and physiochemical variable variation
measured in main channel cross-over (CHXQ), inside bend (ISB), and outside bend {OSB) macrohabitats
(*Friedman's analysis of variance performed on ranks; CV=coefficient of variation).

Results of omnibus

*ANOVA
Macrehabitat

Physiochemical Variable X2 p-value
Depth (m) CV CHXO 4.51 0.2635

ISB 5.27 0.1634

0osB 2.81 0.4185

Current Velocity (m/sec) CV CHXO 1.85 0.7949
ISB 5.19 0.1332

0SB 2.01 0.6696

Geometric Mean of Substrate CV CHXO 1.97 0.6967
ISB 2.79 0.4181

0SB 4.21 0.3749

Fineness Ratio CV CHXO 4.60 0.2750

ISB 4.47 0.2257

0SB 1.50 0.8047

Probabilities in bold are significant at the 0.05 level (P <0.05)
Probabilities that are underlined are significant at the 0.01 level (P<0.01)
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Table 4.11. Relationship between fineness ratio coefficient of variation {CV) and
physiochemical variable CV in macrohabitats.

Segment

Physiochemical Variable 10 12 22
Current Velocity (m/s)

R 0.59 0.59 0.81

R? 0.35 0.34 0.66

P-value 0.0391 0.0450 0.0044
Depth (m)

R 0.13 0.44 0.33

R? 0.02 0.19 0.11

P-value 0.6801 0.1517 0.3473
Substrate Geometric Mean

R 0.61 0.65 0.85

R® 0.37 0.42 0.72

P-value 0.0350 0.0235 0.0020

Probabilities in bold are significant at the 0.05 level (P <0.05)

Probabilities that are underlined are significant at the 0.01 level (P<0.01)
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Table 4.12. Fineness ratios, mean current velocity (m/sec), and maximum current velocity for species in segment 10.

SPECIES Fineness Mean Maximum
Ratio Current Velocity Current Velocity

STURGEONS; ACIPENSERIDAE

Shovelnose sturgeon 8,60 0.88 1.15
MOONEYES; HIODONTIDAE

Goldeye 360 0.16 1.10
PIKES; ESOCIDAE

Northern pike 6.22 0.06 0.30
CODS; GADIDAE

Burbot 7.83 0.25 0.50
MINNOWS; CYPRINIDAE

Comrmon carp 3.19 0.15 1.30

Common carp < 150 mm M 0.05 0.27

Emeraid shiner 5.04 0.19 0.50

Flathead chub 457 0.17 1.05

Sicklefin chub B.24 0.97 1.30

Spotiail shiner 4.46 0.24 1.00

Sturgeon chub 545 0.88 1.25

Western silvery minnow 423 0.14 0.85
SUCKERS; CATOSTOMIDAE

Bigmouth buffale 3.01 0.02 0.25

River carpstcker 270 0.06 1.00

River carpsucker < 150 mm 3.27 0.03 0.17

Shorthead redhorse 4.05 0.09 0.35

Smallmouth buffalo 2.80 0.06 0.90

Smallmouth buffafe < 150 mm 3,10 0.05 0.27
BULLHEAD CATFISHES; ICTALURIDAE

Channel catfish 4.86 0.42 1.35

Stonecat 578 0.62 t1.25
PERCHES; PERCIDAE

Sauger 5.98 016 0.50

Walleye 4,92 0.05 0.35

Yellow perch 3.97 0.10 0.27
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Table 4.12. Continued.

SPECIES Fineness Average Maximum
Ratio Current Velocity Current Velocity
SUNFISHES; CENTRARGHIDAE
White crappie 275 0.08 017
DRUMS; SCIAENIDAE
Freshwater drum 3.02 0.07 0.30
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Table 4.13. Fineness ratios, mean current velocity {m/sec), and maximum current velocity for species in segment 12.

SPECIES Fineness Mean Maximum
Ratio Current Velocity Current Velocity

STURGEONS; ACIPENSERIDAE

Shovelhose sturgeon 8.58 0.77 1.15
MOCNEYES; HHODONTIDAE

Goldeye 3.60 0.09 0.15
SALMON, TROUT, WHITEFISH; SALMONIDAE

Cisco 3.68 0.25 0.50
SMELT, OSMERIDAE

Rainbow smelt 6.50 0.80 1.20
PIKES; ESOCIDAE

Northern pike 5.81 0.02 0.10
CODS; GADIDAE

Burbot 7.80 0.46 0.75
MINNOWS; CYPRINIDAE

Common carp 3.37 0.03 035

Emerald shiner 5.12 0.00 0.00

Fathead minnow 4.51 0.10 0.35

Spottail shiner : 4.34 0.01 0.03
SUCKERS; CATOSTOMIDAE

Bigmouth buffalo 3.03 0.02 0.10

Blue sucker 4.41 0.07 0.07

Longnose sucker 4,63 1.00 1.45

Lengnose sucker < 150 mm 495 0.07 0.37

River carpsucker 2.86 .08 0.85

Shorthead redhorse 3.70 0.12 0.45

White sucker 4.47 0.27 1.65

White sucker < 150 mm 4.63 0.04 0.40
BULLHEAD CATFISHES; ICTALURIDAE

Channel catfish 4.87 0.07 0.15
PERCHES; PERCIDAE

Johnny darter 5.69 0.00 0.60

Sauger 6.12 0.02 0.10

Walleye 4,96 0.13 0.90

Yellow perch 3.93 0.01 0.05
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Table 4.14. Fineness ratios, mean current velocity (m/sec), and maximum current velocity for species in segment 22.

SPECIES I?ineness Mean Maximum
Ratio Current Velocity Current Velocity

STURGEONS; ACIPENSERIDAE

Shovelnose sturgeon 8.58 0.42 0.80
GARS; LEPISOSTEIDAE
Longnose gar 10.44 0.08 0.40
Shortnose gar 9.69 0.03 0.60
HERRINGS; CLUPEIDAE
Gizzard shad 2.88 0.18 1.55
MOONEYES; HIODONTIDAE
Goldeye 3.54 0.11 0.70
MINNOWS; CYPRINIDAE
Creek chub 4.62 0.18 0.35
Common carp 3.37 0.14 1.55
Commeon carp < 150 mm 291 0.03 0.60
Emerald shiner 4.81 0.30 1.70
Fathead minnow 414 0.11 0.30
Flathead chub 4.57 0.46 1.30
Goldfish 2.30 0.07 0.10
Grass carp 3.75 0.30 0.30
Hybognathus spp. 4.41 0.23 0.80
Red shiner 335 017 0.55
River shiner 4.62 0.22 0.85
Sand shiner 4.49 0.24 0.45
Sickiefin chub 5.24 0.57 0.75
Silver chub 4.36 0.18 1.40
Sturgeon chub 5.63 1.00 1.95
SUCKERS; CATOSTOMIDAE
Bigmouth buffalo 3.00 0.00 0.00
Blue sucker 4.57 0.72 1.70
Golden redhorse 3.50 0.03 0.05
Highfin carpsucker 2.74 0.05 0.05
Quillback 2.78 0.07 0.35
River carpsucker 2.80 0.04 0.40
River carpsucker < 150 mm 3.20 0.13 0.65
River redhorse 3.96 0.30 0.30
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Table 4.14. Continued.

SPECIES Fineness Average Maximum
Ratio Current Velocity Current Velocity

SUCKERS; CATOSTOMIDAE

Smallmouth buffalo 2.90 0.14 0.45
BULLHEAD CATFISHES; ICTALURIDAE

Blue catfish 391 0.42 1.50

Channel catfish 4.84 0.3¢ 2.10

Flathead catfish 4.67 0.36 0.85

Slender madtom 6.36 0.45 0.45

Stonecat 5.67 0.59 1.40
PERCHES; PERCIDAE

Sauger 812 0.12 0.85

Walleye 4.90 0.00 0.00
TEMPERATE BASSES; PERCICHTHYIDAE

White bass 214 0.13 0.85
SUNFISHES; CENTRARCHIDAE

Black crappie 2.34 0.01 0.08

Bluegill 215 0.05 0.45

Green sunfish 2.51 0.16 0.45

Largemouth bass 3.18 0.05 0.35

Orangespotted sunfish 2.40 0.10 0.45

White crappie 263 0.02 0.20
DRUMS,; SCIAENIDAE

Freshwater drum 297 0.23 1.60

FR computed from specimens housed in Sternberg Museumn of Natural History, Fort Hays State University, Hays, Kansas

FR computed from specimens collected from other Missouri River segments

FR obtained from the literature
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Table 5.1. Physiochemical characterization (mean, range, standard deviation (SD), coefficient of variation (CV)) of segment 5

macrohabitats (CHXO=main channel cross-over, SB=inside bend, OSB=outside bend, SCC=secondary channel: connected, SCN=
secondary channel: non-connected, TRM=tributary mouth).

- Masrohabitat
Variabie CHXO ISB 0SB SCC SCN TRM
Mean Depth (m) 2.3 1.3 1.9 1.2 0.6 -
Range 1.4-4.1 0.9-2.3 1.1-3.4 0.34.2 0.3-0.9
SD 0.81 0.37 0.75 1.16 0.20
cv 35.4 29.7 39.3 100.4 32.3
Mean Current Velocity {(m/sec) 0.72 0.58 0.70 0.38 0.00 -
Range  0.28-1.02 0.36-0.82 0.30-0.96 0.11-0.72 0.00-0.00
sSD 0.23 0.13 0.20 0.17 0.00
Ccv 31.6 231 293 441 0.0
Mean Temperature (Celsius) 21.7 214 2186 22.5 22.5 -
Range 16.0-24.7 15.9-25.7 16.0-24.2 15.8-27.2 18.4-26.9
sSD 1.98 2.39 2.02 2.89 3.60
cvV 9.1 11.1 93 12.9 16.0
Turbidity (NTU) 236 42.4 374 21.0 43.0 -
Range 10.8-88.5 16.2-169.7 25.4-37.4 11.5-43.0 22.6-70.8
SD 19.47 39.62 39.68 8.79 20.58
cv 82.5 93.4 106.1 41.9 47.9
Geometric Mean of Substrate (mm) 11.17 4.90 10.46 247 0.08 -
Range 1.03-52.26 0.60-17.62 0.22-36.21 0.06-6.62 0.03-0.26
sD 16.00 442 10.83 243 0.09
cv 143.2 90.2 103.5 98.4 0.2
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Table 5.2. Physiochemical characterization (mean, range, standard deviation (SD), coefficient of variation (CV)) of segment 8
macrohabitats (CHXO=main channel cross-cver, ISB=inside bend, OSB=outside bend, SCC=secondary channel: connected, SCN=
secondary channel: non-connected, TRM=tributary mouth).

Magrohabitat —

Variable CHXO ISB OSB SCC SCN TRM
Mean Depth (m) 3.0 1.6 3.9 1.4 1.4 2.1

Range 1.5-6.0 1.2-2.8 1.9-7.1 0.4-3.1 0.8-3.0 0.9-3.4

sD 0.97 0.41 1.34 0.86 0.55 0.83

cv 20.8 26.4 34.4 63.2 39.9 39.8

Mean Current Velocity (m/sec) 0.81 0.56 0.84 0.45 0.03 0.60
Range  0.50-1.03 0.36-0.92 0.43-1.20 0.12-1.03 0.00-0.18 0.00-0.53

SD 0.15 0.14 0.20 0.23 0.06 0.15

cv 18.9 255 24.0 51.9 2127 212.7

Mean Temperature (Celsius) 17.5 17.2 17.5 18.9 19.4 17.3
Range  11.2-21.7 11.9-22.0 11.5-22.7 11.9-23.5 11.2-26.8 9.8-22.4

SD 2.94 3.09 2.81 3.67 3.85 3.83

cV 16.8 17.9 16.1 19.4 19.8 19.8

Turbidity (NTU) 91.0 80.4 89.8 65.4 64.0 49.8

Range 19.5-382.8 33.7-329.8 21.8-341.7 35.2-97.4 23.4-263.0 16.0-202.5

SD 98.76 95.08 91.88 18.37 59.33 53.05

Ccv 108.5 105.2 102.3 281 92.1 82.1

Geometric Mean of Substrate (mm) 1.52 0.87 3.65 0.76 0.21 0.1
Range  0.76-7.55 0.60-1.14 0.70-30.31 0.23-1.23 0.03-1.19 0.03-0.81

SD 1.68 0.19 7.51 0.34 0.33 0.22

CcVv 110.8 21.4 211.3 44.6 157.9 157.9
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Table 5.3. Physiochemical characterization (mean, range, standard deviation (SD), coefficient of variation (CV)) of segment 9
macrohabitats (CHXO=main channel cross-over, [SB=inside bend, OSB=outside bend, SCC=secondary channel. connected, SCN=
secondary channel: non-connected, TRM=tributary mouth).

_ Masrohabitat
Variable CHXO ISB 0SB SCC SCN TRM
Mean Depth (m) 2.4 1.6 3.4 0.9 K 7.0
Range 1.2-3.9 0.3-3.6 1.6-3.7 0.3-2.2 0.7-1.5 0.7-1.8
SD 0.69 0.75 1.52 0.74 0.26 0.55
Ccv 36.4 47.9 452 78.7 23.8 44.7
Mean Current Velocity (m/sec) 0.90 0.48 0.88 0.41 0.02 0.00
Range  0.33-1.62 0.05-0.96 0.28-1.62 0.12-1.01 0.00-0.12 0.00-0.00
SD 0.43 0.21 0.36 0.29 0.04 0.00
cv 47.3 44 1 40.8 71.1 198.2 0.0
Mean Temperature (Celsius) 2286 22.7 22.4 226 21.9 23.1
Range 16.1-25.3 16.4-25.9 15.9-25.1 17.5-25.9 15.5-26.3 21.4-242
SD 270 283 2.80 3.07 322 1.48
cv 12.0 11.8 12.5 13.6 14.7 6.4
Turbidity (NTU) 183.1 168.1 157.3 122.9 102.4 2828
Range 16.6-744.7 23.0-798.3 16.2-707.7 16.7-819.3 13.0-827.6 32.3-848.0
sD 260.31 238.41 22412 22579 203.49 323.61
cv 142.2 141.2 142.5 183.7 198.8 114.5
Geometric Mean of Substrate (mm) 11.12 7.07 156.93 8.72 0.23 0.04
Range 0.95-29.50 0.23-17.36 0.96-101.60 0.563-25.44 0.03-1.31 0.03-0.54
SD 10.44 6.74 2414 8.38 0.41 0.01
CV 93.9 95.3 151.5 96.1 175.0 30.3
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Table 5.4. Physiochemical characterization (mean, range, standard deviation (SD), coefficient of variation (CV)) of segment 10
macrohabitats (CHXO=main channel cross-over, ISB=inside bend, OSB=outside bend, SCC=secondary channel: connected, SCN=
secondary channel: non-connected, TRM=tributary mouth).

Macrohabitat .
Variable CHXO IS8 OsB SCC SCN TRM
Mean Depth (m) 53 2.5 3.9 1.0 1.2 3.6
Range 3.3-10.3 0.4-54 2.2-5.6 0.2-42 0.6-2.4 3.34-3.94
sD 1.89 1.77 1.08 1.29 0.58 0.42
cv 20.2 711 27.7 132.9 48.8
Mean Current Velocity {(m/sec) 1.03 0.71 0.70 0.27 0.01 0.65
Range 0.54-1.38 0.13-1.30 0.58-0.89 0.08-0.78 0.00-0.05 0.61-0.68
sD 0.23 0.46 0.10 0.25 0.02 0.05
cv 22.2 64.5 13.6 90.9 316.2
Mean Temperature (Celsius) 206 21.0 20.5 20.5 21.0 21.9
Range 18.2-23.9 18.4-23.9 16.7-24.3 15.5-24.3 15.6-24.2 20.1-23.6
sD 2.14 2.04 2.74 2.54 3.07 2.51
Ccv 104 9.7 13.3 12.4 14.7
Turbidity (NTU) 3498 278.6 162.7 122.0 65.1 216.2
Range 57.9-999.9 53.1-999.9 60.7-367.0 50.6-320.7 24.8-125.8 197.1-235.3
SD 358.19 311.43 107.80 75.52 31.02 27.03
cv 102.4 111.8 66.1 61.9 477
Geometric Mean of Subsfrate (mm) 1.37 0.85 432 0.80 0.06 0.83
Range 0.83-5.31 0.11-1.56 0.78-34.55 0.14-3.22 0.03-0.24 0.80-0.86
sD 1.10 0.48 9.32 0.78 0.07 0.04
cv 80.4 56.9 97.5 97.5 110.4
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Table 5.5. Daily river discharge {m%sec) averaged for the three year study period (1996, 1997, and 1998;

Three month=July, August, and September).

Segment
5 8 9 10
Twelve month
Mean 318.7 375.7 438.1 813.8
Range 1258.1 624.4 2347.5 2541.2
Coefficient of variation 65.7 30.1 86.5 439
Three month
Mean 294.8 397.5 459.0 856.5
Range 679.3 382.0 1468.2 1485.2
Coefficient of variation 53.4 27.0 65.0 30.8

Lce



Table 5.6. Results of macrohabitat x segment canonical analysis of variates and ANOVA performed on macrohabitat
physiochemical variables. Relative %=reiative contribution to total dispersion.

Standardized Standardized Standardized
Coefficients for Coefficients for Coefficients for Probability Value
Physiochemical Variable Canonical Variable | Canonical Variable Il Canonical Variable IlI for ANOVA F-test
Depth (m) 1.2512 0.2641 -0.4200 0.0001
Current Velocity (m/s) 0.5102 0.0859 0.0488 0.0037
Temperature {Celsius) -0.2534 0.3541 -0.4740 0.3483
Turbidity (NTU) 0.3316 0.2109 0.2509 0.1878
%Sand 0.0924 0.5580 1.5696 0.0153
%3Silt 0.9586 -1.1201 1.3341 0.0040
Eigenvalues 0.4022 0.103 0.0785
Relative % 59 15 12
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Tabie 8.7. Species relative abundance as a fraction of 1.00 in study segments (CHXO=main channel cross-over
[SB=inside bend, OSB=outside bend, SCC=secondary channel: connected, SCN=secondary non:connected,
TRM=tributary mouth).

MACROHABITAT
CHXO ISB 0SB SCC SCN TRM
Species
Segment 5
Flathead chub 0.01 0.55 0.21 0.22 0.01 -
Sickiefin chub 0.27 0.31 0.16 0.25 0.00 -
Sturgeon chub 0.23 0.25 0.25 0.27 0.00 -
Segment 8
Flathead chub 0.01 0.51 0.02 0.36 0.09 0.01
Sicklefin chub 0.38 0.23 0.19 0.15 0.00 0.05
Sturgeon chub 0.09 0.22 0.18 0.25 0.00 0.27
Segment 9
Flathead chub 0.00 0.32 0.01 0.35 0.32 0.00
Sicklefin chub 0.30 0.36 0.08 0.25 0.00 0.00
Sturgeon chub 0.25 0.40 012 0.22 0.01 0.00
Segment 10
Flathead chub 0.00 0.40 0.06 0.51 0.00 0.03
Sicklefin chub 0.33 0.17 0.39 0.09 0.00 0.02
Sturgeon chub 0.11 0.48 0.24 0.16 0.00 0.00
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Table 5.8. Physiochemical characterization (mean, range, coefficient of variation (CV)) of flathead chub

capture sites,

Segment
Variable 5 8 9 10
Depth (m) 1.3 1.0 0.9 0.8
Range 0.1-4.8 0.1-4.0 0246 0.1-3.8
Ccv 0.27 0.80 0.80 0.66
Current Velocity (m/sec) 0.50 0.35 0.28 0.21
Range 0.00-1.05 0.00-1.20 0.00-1.55 0.00-1.05
cv 0.93 0.23 0.28 019
Temperature (Celsius) 20.4 17.9 220 20.7
Range 14.2-26.8 11.2-27.8 12.1-30.0 15.3-25.3
Ccv 3.56 2.55 2.91 1.99
Turbidity (NTU) 36.7 80.9 148.2 161.2
Range 7.4-305.0 17.2-479.0 10.0-899.9 38.0-999.9
Ccv 49,95 54.28 211.74 146.45
Geometric Mean of Substrate (mm) 503 0.70 6.46 0.99
Range 0.03-33.00 0.03-1.45 0.03-33.00 0.03-11.66
cv 7.80 0.40 8.85 1.85
% Silt 29.8 237 3341 316
% Sand 41.7 75.8 40.2 58.5
% Gravel 28.6 05 26.7 10.0
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Table 5.9. Physiochemical characterization (mean, range, ceefficient of variation (CV)) of sicklefin chub

capture sites.

Segment
Variable 5 8 9 10
Depth (m) 2.0 3.0 2.4 4.7
Range 0.8-4.4 1.1-4.7 0.5-5.5 2.3-10.6
cv 0.69 0.98 0.66 1.49
Current Velocity {m/sec) 0.77 0.80 0.71 0.93
Range 0.20-1.25 0.25-1.10 0.07-1.55 0.55-1.30
cv 0.23 0.18 0.24 0.14
Temperature (Celsius) 20.7 17.8 218 20.7
Range 14.2-24.7 13.5-22.0 15.0-25.5 18.1-25.0
Ccv 2.38 1.33 2.54 0.66
Turbidity (NTU) 26.6 626 172.4 187.7
Range 2.2-166.0 17.2-436.0 16.0-999.9 56.5-239.0
Ccv 14.93 43.03 215.50 117.89
Geometric Mean of Substrate {mm) 5.69 1.09 7.04 1.30
Range 0.03-33.00 0.36-2.45 0.60-33.00 0.73-5.83
cvV 6.98 0.24 10.69 0.57
% Silf 9.6 1.1 1.6 0.9
% Sand 61.3 97.0 66.6 94.0
% Grave! 29.1 2.0 31.8 51
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Table 5.10. Physiochemical characterization (mean, range, coefficient of variation (CV)) of sturgeon chub

capture sites.

Segment
Variable 5 8 9 10
Depth (m) 1.9 2.6 2.0 3.2
Range 0.2-5.4 0.5-6.1 0.2-6.8 0.2-76
Ccv 0.78 1.00 1.22 1.73
Current Velocity (m/sec) 0.75 0.76 0.68 0.75
Range 0.20-1.25 0.17-1.45 0.00-2.00 0.10-1.25
cv 0.25 0.26 0.44 0.34
Temperature (Ceisius) 206 18.2 21.8 20.2
Range 14.2-25.6 11.9-22.9 15.0-30.0 18.3-23.9
cv 2.80 2.82 1.67
Turbidity (NTU) 26.3 85.1 156.9 303.6
Range 2.2-166.0 13.8-543.0 15.6-999.9 53,6-999.9
cv 14.70 73.47 201.96 228.64
Geometric Mean of Substrate (mm) 5.62 1.64 8.14 217
Range 0.03-33.00 0.03-33.00 0.03-33.00 0.730-23.70
cv 7.24 273 10.48 3.23
% Siit 9.5 11.1 8.3 9.1
% Sand 62.3 85.2 55.0 81.1
% Gravel 28.2 3.8 36.7 9.8
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Table 5.11. Results of maximume-likelihood analysis of variance performed on species presence (1) /
absence (0) counts in macrohabitat replicates.

Probability Values

Segment x
Species Year Segment Macrohabitat Macrohabitat
Fiathead chub 0.0015 0.0074 <0.0001 0.0038
Sicklefin chub 0.0156 0.0341 <0.0001 0.2448
Sturgeon chub 0.8113 <0.0001 0.0005 0.6051

Probabilities in bold are significant at the 0.05 level (P <0.05).
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Table 5.12. Differences in flathead chub macrchabitat use among segments
using simple-effects contrasts.

Probability values

Macrohabitat

Main channel cross-over 0.2584
Inside bend 0.0118
Outside bend 0.0037
Secondary channel: connected 0.7964
Secondary channel: non-connected 0.0092

Probabilities in bold are significant at the 0.05 level (P <0.05).
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Table 5.13. Results of species x segment canonical analysis of variates and ANOVA performed on
habitat use data. Relative %=relative contribution to total dispersion.

Standardized

Coefficients for

Standardized
Coefficients for

Probabhility Value

Physiochemical Variable Canonical Variable | Canonical Variable Il for ANOVA F-test
Depth (m) 1.0697 0.0631 <0.0001
Current Velocity (m/s) 0.3770 -0.1980 <0.0001
Temperature (Celsius) -0.0065 -0.0278 0.5877
Turbidity (NTU) 0.0213 1.1115 0.0166
%Sand 0.0009 0.3288 0.3849
%Silt 0.3085 -0.2246 0.5907
Eigenvalues 0.1088 0.0114
Relative % 88 9
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Table 5.14. Pairwise comparison of species habitat use within segments using Hotelling's T? (FH=flathead chub,
SF=sicklefin chub, SG=sturgeon chub).

Segment
5 T?value 8 T2value 9 T2value 10  T’value
Comparison
FH x SF <0.0001 02783 <0.0001 0.8955 <0.0001 0.5693 <0.0001 4.824
FH x SG <0.0001 0.2807 <0.0001 0.8482 <0.0001 0.3725 <0.0001 1.236
SFxSG 0.9815 0.0073 0.2143 0.0805 0.3254 0.1298 0.0265 0.3650

Probabilities in bold are significant at the 0.05 level (P <0.05).
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Table 5.15. Discriminant analysis of flathead chub, sicklefin chub, and sturgeon chub from the study segments.
Discriminating variables were scores on six physiochemical variables for the three cyprinid species.
Relative %=relative contribution to total dispersion.

Standardized Standardized
Coefficients for Coefficients for
Canonical Variable |  Canonicat Variable 1]

Segment 5
Depth {m} 0.4960 -0.1005
Current Velocity (m/s) 0.5631 0.0142
Temperature (Celsius) 0.0306 -0.8184
Turbidity (NTU) 0.0743 -0.0210
%Sand 0.1730 0.5468
%Silt -0.3034 0.3949
Eigenvalue 0.3644 0.0019
Relative % 99 1
Segment 8
Depth (m) -0.6300 0.0546
Current Velocity (m/s) -0.4956 -0.4263
Temperature (Celsius) -0.0898 0.2237
Turbidity (NTU) 0.3109 0.1123
%Sand -0.0745 1.0705
Eigenvalue 1.0253 0.0144
Relative % 99 1
Segment 9
Depth {m) 0.7737 07
Current Velocity (m/s) 0.0642 1.3555
Temperature {Celsius) 0.0001 0.1261
Turbidity (NTU) 0.0611 -0.3369
%Sand 0.1525 0.2558
%Silt -0.2838 0.5023
Eigenvalue 0.4897 0.0617
Relative % 89 11
Segment 10
Bepth (m) -0.4771 -0.4589
Current Velocity (m/s) -0.6914 0.4691
Temperature (Celsius) -0.0224 -0.7037
Furbidity (NTU) 0.2315 0.7117
%Sand -0.3305 -0.3903
%Silt -0.1837 -0.0759
Eigenvalue 2.8946 0.0810

Relative % 97 3




Table 5.16. Classification matrix derived from discriminant analysis with the percent classified correctly and the percent classified

incorrectly for each species in a segment.

N % classified Flathead chub Sicklefin chub Sturgeon chub
correctly
Segment 5
Flathead chub 208 84.1 74.1 10.0 16.9
Sicklefin chub 68 0.0 49.3 0.0 50.7
Sturgeon chub 88 50.0 §0.0 0.0 50.0
Total 60.1
Segment 8
Flathead chub 134 88.9 88.¢ 0.0 111
Sleklefin chub 51 7.3 7.1 7.3 85.6
Sturgecn chub 57 64.9 12.2 22.9 64.9
Total 70.1 '
Segment 9
Flathead chub 196 76.4 76.4 21 215
Sicklefin chub 52 20.9 10.0 20.8 69.2
Sturgeon chub 145 68.3 26.2 55 68.1
Total 83.1
Segment 10
Flathead chub 101 96.0 96.0 0.0 4.0
Sicklefin chub 42 89.7 0.0 89.7 10.3
Sturgeon chub 48 36.4 18.2 45.4 36.4
Total B4.1
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